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EDITOR'S PREFACE. 



This excellent little volume represents the work of a 
well-kiiowu aud diHtingiii^hed teacher, lieiiig character- 
iatic of the thorough and ctmipreheusive methods of 
German authors and instructors. The translator alms 
to give an accurate but liberal expression of the author's 
ideas, rather than a literal exposition of the German text. 
Some few additionii and omissions were deemed necessary 
better to ehicidatc the English text, hut are in no sense 
DOnsidered subversive of the author's views. 

The bnolc is both didactic and clinical in its teaching, 
the latter aspect being esiKwiiilly adapted to the wants 
of the student. The editor wishes to call particular 
attention to the very complete exposition of the minutfi 
snutumy of the ear, a working knowledge of which is bo 
essential to an intelligent conception of the science of 
otology. The illustrations are beautifully executed in 
olors, and illuminate the text in a singularly hicld 
lanner, [xirtraying pathologic changes with such striking 
exactness that the student should receive a deeper and 
more lasting imprcKSton than the most elaborate descrip- 
jtion could produce. 

The association of Professor Polilzer in the prepara- 
tion of the work, and the use of so many valuable apeci- 
inens from his notably rich collection, should especially 
Lnce the value of this treatisej which seems deatiiied. 



EDITORS PREPACK 



to fill a niche long vacant^ an objeot never before at- 
tempted or attained, so far as the editor is aware, in 
the English language — viz., an illustrated clinioal hand- 
book to act as a worthy substitute for personal instruc- 
tion in a specialized clinic. 

It is to be hoped that the English translation will 
meet with the same cordial support that has been ac- 
corded the Grerman edition, and thus prove of value to 
both the student and the teacher of otology. 

1700 Walnut Street, Philadelphia. 
March 17, 1902. 



PREFACE. 



In September, 1898, Mr. J. F. Lohmnon, of Munich, 
honored me witli a commiasion to compile an atlas and 
kbstniut of otology for his series of Medical Haiid- 
Atluses, The work was to coataiti "everything of im- 
in the elemenlarv study of otuKigy," I felt 
i'iaced that the success of such an atlas would depend 
>D the plates representing patholngio specimens, which I 
wlieved would \ie rendered more intelligible by adding a 
lumber of plates illustrating anatomic specimens. This 
loiihl be accomplished only by a careful selection from 
a masses of material ; and as my own collection was 
[uite inadequate, I addressed myself to my esteemed 
r chief, Professor PolitJwr, in Vienna, with a re- 
[Ovat to be allowed to select from his very extensive col- 
Bction the specimens which I still lacked to complete the 
llofl. Professor Politzer in the kindest way placed his 
ollection at my disposal for this purpose, and, further, 
»ve me his valuable assistance by undertaking the su- 
KTvision of the original pictures drawn from his prepa:- 
Btions. I therefore wish to express my warmest thanks 
> Professor Politzer for his share in lioth the planning 
ud tlie carrj'ing out of the work. Profc8,sor Politzer's 
otlcctinn contributed thirty macroscopic and twenty-four 
wpLC preparatiouB (indicated in the explanations o^ 
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the plates by " P.") ; my own collection furnishcil fifty- 
four macroscopic and forty microscopic prejiarations 
(marked " B,"). Besides these, there are twelve plates 
representing diseases of the auricle (five fnim Politzer), 
and forty-eight flash-light pictures of drumheads taken 
from patients iu my polyclinic, and slightly enlarged. 
In addition to the explanation of the plates, the atlas 
was to contain an epitome with text figures. This 
epitome is my own exclusive work, and, as ayace was 
limited, had to be exceedingly condensed, especially in 
the part relating to special pathology and treatment 
The anatomy of the car is discusi>cd somewhat at length, 
as I considered a thorough explanation absolutely neces- 
BBPy to enable the student to understand tlie plates. 

The plates were prepared under my constant super- 
vision by Mr, Hammersehmidt. The microscopic pict- 
ures drawn with Seibert's ocular are given in circular 
form, to save space. The dies for the figures of the in- 
strumenta were made from models in the possession of the 
Mediziuischer Warenhaus, who very kindly allowed me 
the use of them, Mr. Hammersehmidt deserves great 
credit for his faithful reproduction of the preparations 
and for the great care with which he prepared the fig- 
ures in the text, and I wish to express to him my thanks 
for his unflagging industry. I also wish to express my 
thanks to the publisher, Mr. J, F. Lehmann, who spared 
no pains to make the atlas a success, 

DR. GUSTAV BRtJHL. 
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Plate 24.~Fig. 1.— Chroulc suppurative otitis media ; cables of the tog- 
men tympaoi. 

Fig. 2.— Specimen of Fig. I seen from above. 

Fig. 3. — Chronic suppurative otitis media; caries of tbe audi- 
tory meatus, the auditory ossicles, the tegmen 
tympani, and the antrum; pavhyineningitiai per- 
foration of the dura matsr; leptomeningitis. 

Fig. 4.— Specimen of Fig. 3 seen from above after reSectioii 
of the dura mater. 

Fig. 5.— Chronic anpjrarative Otitis media; caries of mastoid 
process of external auditory meatus, of tegmen 
tympani, and of antrum ; ccntnil necrosis of mas- 
toid process: eiter 

Fig. 6.— Specimen of Fig. 8 s> 
of the dura mater. 
Plate 35.— Fig. 1.— Chronic soppuralive otitis media; necrosis of the 
mastoid procfiss; carles of the roof of the antrum ; 
pachymeningitis; perforation of the dura mater; 
abscees of the tem|>oral lobe. 

Fig. B. — Specimen of Fig, 1 seen from above after removal of 
tegmen tympnni and reflection of dura mater. 

Fig. 3.— Chronic suppurative otitis media: polypi in the 
tympanic cavity; gaping of the tegmen tympani; 
pacbymeningltis ; perforation in tbe dura mater; 
abscess of the lemporal lube. 

Fig. 4. — Preparation of Fig. 3 seen from above after reflection 
of the dura mater. 

Fig. 5. — Chronic anppnrative otitis media; caries of tbe exter- 
nal auditory meatus, of the tegmen tympani. aud 
of the petrous portion (neuritis of the seventh 
nerve); Decroaia of tbe oneoos labyrinth; tbroa- 
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basisnf lhesupcrii)r[«.'trniiiil»tnU3; eKtorUtil pacby- 
meniuKitis ; cei¥b«[liir BtsceHs. 
),— Fig, e. —Specimen of Fix. 5 seen rroiii above and behind. 
i, — Fig. 1. — Chronic Haiiparative otitis medio ; caries of the tjm- 
paDic cavity and labj^nth ; meniiieitlB. 
Fig, a.— Carle* of the labyrinth ; iienritia of the farial nerve. 
Fig. 3, — Chronic sappunttive otitis media i carieH of thetym- 
panle cavity and lahyrinth ; destruction of the 
Hevonth nerve; meningitis. 
Fig. 4. — Chronic anppnrativa otitis media; carien of the pe- 
trous portiuD Icnralid canal); fatal hemorrhage- 
Fig. 5. — (Jhrunie suppurative otitis media; carles and Decraais 
of the mastoid process ; perforation of the aigmoid 
groove; purulent thronibosis of the transverse 
sinus (pyemial. 
Fig. S.— Acute suppurative otitis media (diphtheria); caries 
of the mastoid pro(<t«B ; puriilriit thrombosis of Ibu 
transverSB sIduh and the maatoid emissary (py- 

7. — Fig. 1. — Fi8tula^ of the mastoid process Bfler chronic auppura- 

tive otitis media. 
Fig. 2.— Cbuleateatoma of the eiternal auditory meatus; 

chronic suppurative otitis; gap in the exumuLl 

auditory mcalns. 
Fig, 3.— Chrouio SDppurativu otilia media ; flatula of the maa- 
toid pmcesa; perforation in the tvgnien tympani ; 

oilcrDalpachymeningllis; cerebral abscess; throm- 

hoaia of the transverse sinus. 
Fig. (.—Specimen of Fig. 3 showing the flap of skin perforated 

by flstulous trace. 
Fig. 5.— Specimen of Fig. 3 seen tToui above. 
Fig. 6. — Specimen of Fig. 3 seen (him behind ; the transverse 

sinus laid open. 
8. — Fig. 1, — Chronic suppurative otitis media; choIeBleatoma of 

the lympanie cavity. 
Fig. 3.— Spreimen of Fig. I seen from aliove; coronal uction 

through the upper half of the petrous portion. 
Fig. 8 Cholssteatoma of the tympanic cavity and mastoid 

process; destruction of the exienial auditory 

meatus and tympanic cavity. 
Rg. 4.— Hpeclmen of Fig. 3 after removal of the choicsteatoms. 
Fig. 9.— Chronic suppurntivv otitis media; cholesteatoma of 

the tympanic cavity and mastoid process; destruc- 
tion of the external auditory meatus. 
Fig. 6,— Spedmen of Fig- 6 seen from above after removal of 

the tegmcn tympani end roof of the antrum. 
PUtvSS.— Fig. 1. —Method of detaching the auricle for the purpose of 

removing a foreign Imdy, 
Fig. 2.— PerforalJon of the cortical portion of the mastoid 

Fig. 3.— Method of opening the mastoid antnim with a chiBcl. 
Pig. 4. — Free o)iening of maatoid process with a chisel, and 

ablation of posterior bony nail of auditory Tueatus. 
Fig. S.— Same specimen a« Fig. 4 after removal of tympanic 

nambnuie, mallaus, incus, and osseoua ^tUwk ot 
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tympanic rei.'«BS. Conipletiicl radiuil uperation. 

Plastic opentliuii on thu auditory meiitus. 
PlnM 29,— Fig. (j.~EipoBlDg tli« dum muh-r cuvi:riag tbe t^nijioral lobe 

and transverBe siuiis, nher pertoriiiiiiK a rndival 

operation ; pluslic operaiiun ou the auditory nieatua 

^er Pause, und jilaslic operation for a retro- 
auricular opeuiiig. after SchwartiH. 
Plate 30.— Fif(. 1.— arenmscribed otitis externa. Pus obtained by inci- 
sion. Dry cover-slip prcpamtiou. 
Fig. g. — Acute catarrh of the middle ear. Exudate obtained 

by paracentoais. 
Fig. 3.— Acute perforating otitis uiedia. Pus obtained by 

panicnutesig. 
Fig. 4. — Acnte periostitia and rsaatoiditiB. Pua obtained by 

incising an ahstosH in tbe nioatoicl process. 
Fig. 5, — Puraleot thrombosis of the transversa aiuns; pyemia; 

bluod obtained from the sinus by aspirallou with a 

PraVBZ syringe. 
Fig. 8.— Olomycoaifl (aspBrgillus niger). Spction of hardened 

fungous menibrane. 
Plate 31.— Fig. 1.— Transverse section of tympauii' menibrano in acute 

otitis media from a child two months old. 
Fig. a. — Acute otitis media from a child ; wall of promontory. 
Fig. 3.— Cariita of the incadomalleolar articnlntion in cliranlc 

suppurative otitis media (cupula). 
Fig. 4. — Promontory in chronic suppurative otitis media; 

peripheral caries. 
Fig. 5, — Wall of promontory in chronic snppurative otitis 

media in tuberculosis |male, forty years of age). 
Fig. 6, — Wall of promontory in chronic suppurative otitis 

media; necrotic caries. 
Plate 32. — Fig. 1. — Fiasuro in temporal bone (developmental anomaly). 

Fig. 2. — Neurolibrama of the nuditorj and facial nerves. 
Plate 33.— Fig. 1.— Polypoid granulations in chronic suppurative otitis 
media in a tuhercntar snbject. 
Fig. S.—Polypoid grannlntioii. 
Fig. 3. — Polypoid gratiulation. with hyaline bodies. 
Fig. 4. — Polypoid granolatinns spriugiog from the wall of the 

promontory. 
Fig. 5. — Po1y|<oid fibroma springing from a pneumatic cell in 

the posterior bony wall of tbo auditory meatus. 
Fig. 6.- Polypoid myiollbroma springing from tho wall of 

the promontory. 
Plate34. — Fig. I. — Acute mastoiditis and periiatitie following scarlet 

fever, from a child Ave years of agi'. 
Fig. a.— Chronic snppurative otitis ; connective- tissue growth 

in the mastoid cells. 
Fig. 3. — 8nppnrative lepta meningitis. 
Fig. 4. — External pachymeningitis accompanying chronic 

snppurative otitis and mrlea of the tegmcii tyin- 

pani; giannlationa from the dura mater project 

into the tympanic cnvlty through an opening in 

the 14'emen tympaiii. 
Fig. 6.— Parnlent phlebothrombcais of the transverse sinus 

(pyemia). Caries of the mastoid proc«« ae«om- 
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panying acute oCiCEs mt-diii after di]iblberia, in a 
cliild threu yi-arB of age. 
— Fig. a.— Purulcut phlebitiH of thu tmnaveree siiiUB accom- 

pBuyiug eh ruuic utitia media. 
— Fig. l.—KentUwiB (homy change) of the membranoua siidi- 
tory meatus after removal of a plug of ejiiderm. 
t'lg. 2. — Elepfaitntjasla and liyperliaratoais Ipachydermatocelt:) 

from the le^. 
Fig. 3. — Hyperkeratoms accompaDying elepliaiitiaxis. 
Fig. 4. — ProlifetatioD of epiderm from auditory meatus into 
tbc tyupanic cavity in ehrouic Boppumtivu otitis 

Fig. 5.— Mncoiii membrane of the tynipaniii cavity covered 

with Gpiderm; hypcrkeratueiB si^compauying cho- 

iHttvatoDia. 
Fig. li. — Cboleat*»toiuH of the maatoid process. Section taken 

from tbe body of the tumor. 
— Fig. 1. — Carcinoma of the cochlea [see Plate £3, Fig. II. 
Fig. a.— Neurofibroma of the auditory nerve (sco Plate 32, 

Fig. a). 
Fig. 3. — Cod nective-tlsiile growth in the attic following chronic 

suppurative otitis media- 
Fig. ■!.— Esudate and conDective-liasne growth in the superior 

■emlcircular I'aiial after fracture of the base of the 

dealt. 
Fig. 6. — Proliferation of conneutivo tissue in the cochlea after 

fracture of the base of the skull. 
Fig. 6,— EindaCe in tbe cochlea after fracture of tbe base of 

the skull. 
— iCompare Plato 14, Flgn, 5, 6; Pkte 9. Fig. 4.) 
Fig. 1.— Hemorrbago into tbe superior semicircular canal in 

otitic meningitis, 
^g. 8. — OUtIs interna KroompaDyliiK cbruiiic suppurative 

oUtla media; perforatiao throngb the fenestra into 

the Ubyrinth ; meiiingilfs. 
Ffg. 3.— Connective-tiBsuc growth in the saperior semicircular 

canal in leukemia. 
Fig. 4. — New formation of bone In the cochlea iu leukemia. 
Ftg. G. — Destruction of the ganglion spirale in syphilis. 
Fig. e.— Atrophy of the ganglion spiralc in a deaf-mute. 
,— Fig. 1.— Normal drumhead (right) from an individual with 

normal power of hearing. 
Fig. 2.— Normal drumhead (leftl showing the articulation 

botwepu the incus and stapes, tbe promontory, and 

the fenestra rotunda. 
Kg. 3.— NoriuBl drumhead (right) with the bulb of thejugu- 

lar vein shining througli. 
|. 4. — Two spheric exosuniw on Ibe posterior, and nne on 

the anterior, Iwny wall of the auditory meatus, 
g. 6. — Chronic (serous) catarrh of (he middle ear. 
g. &— Acuta (seroos) catarrh of tbe middle oar. 
FIk, 7.— Chronic caUrrh of the middle ear (catarrhal ailhe- 

Fig. 8.— Chronic catarrh of tho middle ear: adhctlons of 
ShiapDuU's uwubratttk 
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iiidlo ear (calnn-bal adbe- 
middle ear \ calcsreQUi 
calcareoii* 



;. 9.— Chronic eaUrrb of Ibe 

aional. 
{. 10.^<;hronic catarrli of i 

dopoaiU. 
(. 11. — Chronic catarrh of the miildie ei 

depuaito (uurvuUH deafutan). 
%. 12.— Ankylosis of the aUpia with iiarlinl 

%. 13.— Auute myrinBitiB. 

!. H.-Chranic grauular mj-riiiBitia. 

J. 13. — Trsamatie rupture. 

;. 16.— Traumatic rupture, with labyrinth disease, 

ft. IT-IR. — Simple ai'ute otitis media. 

J. 20,— Acnte sappurativc otitia modia (with hyperemia of 

the labyrinth). 
Its. USA. — Acute supparative otitis media. 
^. 1, 2.— Chronic suppurative otitis media. 
7. 3, — Chronic suppurative otitis media I exacerbation). 
!8. 4, n. — Chronic suppurative otitis medio, 
;, il, — Chronic suppurative otitis media (caries of the incns 

and flcor of the tympanic cavity). 
;;. 7. — Chronic suppurative otitis media (handle of malleus; 
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otitis media (caries of the tym> 

10.— Chronic HDppnratlve otitis media. Polypoid grann.- 
latioDB (csrioB of the malleus and incoa). 

[.11.^ — Chronic suppurative otitis media; cholesteatoma 
(and nervous deaf u ess), 

[. 12. — Chronic suppurative otitis media. 

;. 13. — Chronic suppurative otitis media. Double perfora- 

[. 14, — Chronic suppuTHtive otitis media. Perforaliou is 
Shrapnoll s membrane (caries of the incus|, 

[. 15.— Chronic suppurative otitis media. Perforation la 
ShrapncH'a membrane. Polypoid granulation^ 

t. 16. — Chronic suppurative otitis media. Cholesteatoma. 
c. IT. — Bemaina uf a chronic sujipunttive otitis media. Dry 
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lU. Pyramidal eminence of titapea. ^H 


4. lympBiiic opening i>f tube. 


bom which the tendon of ^H 


B. Tooiortympaiii muscle aa feras 




cocllleariform process. 


to the stapes. ^^H 


6. Air-tH'll ill the flour of tbo Ku- 




■tscbian tube {.cellula jmeu- 


Jaeobaun's uerve>. ^^H 


niatiia tubaria). 


12. SUpes in fenestra vestlbuli. ^H 




13. Feuvsirs ooubles. ^^M 


tonal. 


■ 


n«. 3. FetrouB Portion or Temporal Bone, vlth VesaelB vid Nerres ^H 


an Put Diagrammallcj iRi. ^^M 


1. Fentslra vestihuli -n-ithin the 


14. Stylomuitoid artery, lying ou ^H 


fuHuU feomtrw vegtlbuli. 


fatiial norve. ^^H 


8. Fenestra coclilMB. 


15. Mastoid branches. ^H 










f>. Sinus trmpaui. 

«. MMWidantmm. 


llaidopen). ^M 


Iti. Ueuioulale ganglion of seventh ^^M 


T. Intt>mAl carodd. 




8. PleiUHof veins around internal 


la. GrealBitperflrialpetroFttl nerve. ^^M 


cawtid. 




9. Caruticutrmpanic nerve (Iraeer 






petrosal nerve with genicu- ^^M 


plexus about the internal 


late gungKuii of seventfa ^^M 


THroCid). 


^m 


10. Inferior tympanic artery. 


S2. Traoeverse sinus. ^^H 




33. 8n|>eriorb>ilbof jUKiilarvein. ^H 


I«,.™«1 gaiiKli,,,,. ' 


24. Chorda tympani and posterior ^^1 


Is. Superior tymiianic artery. 


tympanic artery Ifmaa ^^M 






feticir tynipiini'- iirteries. 


""■" "^"'""' ■ 


m. S. Poitarlor Bnrface of Petroua Partlon of Temporal Bone, show- ^^H 




1, Trifat-ial nerre. 


e. Ninth nerve (glossopbarynKeall. ^H 


e. Superior potroaal slniiH. 
3. InterluT petrueal sinus. 


B. OeeipiU. ^H 




4. Tmniveree linns. 


11. Internal auditory meatus with ^H 


fi. Bulb of jagular vein. 


seventh (taeial) and eighth ^H 


9. Tenth nerve (MgiiBl. 


(aiiditorj'l nerves. ^^H 







r 


PLATE 6. 


Coronal IkdUMi Through Sit Trmporal fiunH.— That portion of the maa- 
toifl process that pniiiwla over the osseous portiou of the auditory meatns 
boa been removed. The triangle o 6 c, in which a represaiita the lUpra- 
meabtl spine, b the outermoat portion of the mastoid aiitruru, Knd c the 
outenoost porlluD of the sigraoid sukUH, indicates the diBtances between 
thesis three i>uiuts. 


Fig. 1. Temporal Bone oT on Inhnt flaveral Teelu OW (B.). 


1. Tviuijunlcrina: 2, mnstnid iirot'esi : 3. mastoid an (mm : 4, raicmoid 
sulcus. ,, (,-=-imm. : 6c_=lC.mm.; «r.= ia™m, 

FlSI- a-e. Adult Temporal Bones i 1!. i. The ItgureB bcinR Iho ><ame In 
all, as follows: 


'' 1. Eilenial auditory mcflWs. J. Mast oi.l antrum. 

2. MuAtoid process. 5. .Sigmoid sulcus, 

3. Suprampatalsiiinc. 


Fig. 3. Diploetlo Hailold Process. SecUon throaEh DlploB. a b ^ 
11 mm.; fic-l.lmm.; ac = 12mm. 


,<«-llmm. 


Fig. 4. Pnatunatlc BUstold Proceas (From CWld). -i 6 - 6 mm. ; 6 o - 
lJi...n ; «c-8mm. 


FlB. B. Pneumatic Mastoid Prooeas. n 4 = 9 mm. ; fc f = ] l mm. ; u « - 


Fig. «. Sclerotic lEbumatedi Mastoid _ProoaBs. u i - ii nmi.; 6 c - 


1 



Tab. 7. 



K 





8, 1. BigtA Temporal Bone. Tlie BemlclrcnlEiT C&nala, tbe Gaoal 
of tbs Facial Kerva. and the Sigmoid BuIcub Exposed Ttuougli the 
Hoitold Process il<.«. 



eiam..iJ -ikuE.. 


IJ. l'.Hleri..rwi.ll 


Superior somicln-ular canal. 




External semicircular canal. 


7. Supntnieatol sf 


Posterior temicircnlar caiial. 


8. Mastuiil L'ulls. 


Canal for fecial nerve. 





if Bight Temporal Bone of a ObUd. OoeUoft 
Exposed (R). 

:i, I''eiii!sttra cochlcip. 



Fig. 3. Preparation of a 



i. Stipcrior Bcmiclrcnlar ■'anal. 
I, Extenial wiuicircular umul. 
I. PosIeriuraomicinMilnr canal. 
i, SajH-rinrninpnlla. 



7. Gilemal aminilla. 

8, Posterior atnpuUa. 
D. Fenestra TotliboU, 

10, Fell cat ra cochle*. 



i. Sxleruul aemicirciilar oiuul. 
I. Pisluriur aeiuicirtiiiliir caual. 
I. A(|a«<luctus veniboli. 
S, Internal ■ailltur}' mcalua. 
U Aquednolua cochlee. 



It. Hroovo fur miiltl 
10. Sigin(^ BulciiB. 



Rlgbt Temt>orid Booe ttom Child. Traneparsnt. LabTrlnUi 
Injected Willi Mercury. Front View (II. i. 

AqawductUB cuchlen. 



1. !JU|iei 

2. Ejitemat (temicirculikr canal, 

3. Postdriur BomlGlrcular canal. 

4. Mastoid an I rum. 
B. Tympani.; .'avity. 
6. Tympanic ring. 



(. Canal (if carotid artery. 



Fig. 3. Same Specimen Seen from Behind (B.). 

H. Aqiiieductua cochlen. 
U. AquEductus vestibull. 

10. PrtroBquamouB suture. 

11. Jugular fossa. 



1. Superior e 
S. External i 

3. Posterior 

4. Vestibule. 

5. Ampulla superior. 



Tig. 4. The Sam» Specimen Seen ftom Beblnd tB.g. Humbers aa In 
Fig. a. 

15. Sigmoid sulcna. 



'*■■». 




4 



fig*-. 



%. 





.Uk. Anii f. Audiluiiii . UuiixtKi 



^^^BiS 
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PLATE 9. ^H 


Fl«. 1. Blgbt Labrrlnth IiolaMd and Laid Open with a File (X 4) ^^| 


|HaUDla«TB 


jmnatloiai. ^^H 


1. Feneatra nwhkffi. 


IS. OsBBDUB porlioii of primaiT spi- ^^^| 


2. Ommtu purtiun of BUpcriur ani- 


rol lamina. ^^H 


pulU. 


I1>. (teeoiiM portion of set^udary ^^H 


3. Crlsto ■nterii.r. 


spiral lamina. ^^^M 




•M. Suula tymiwni and internal ^^^H 


B. Cni« cum mime. 


opening of uijiieduut of coch- ^^^1 


6, PuBlcmrscmirirvulBri'iiDnl. 


^H 


7. Portetior ampulla. 


ai. Scala veacibuli. ^^H 


a Crista posterior. 


2d. UiKhlca. ^^H 


9. Hacul>c;ribn»a inferior. 


d3. First turn of cochlaa. ^^H 


10. Pyramid of vcaHbiile and ma- 


at. Septum (spiral laminal. ^^H 


cula cribroHa superior. 


3S. Second turn: (a) of scala tym- ^^H 


Jl. CrfMa ToaUbuli. 


pani ; ib) of scala vestibuli. ^^H 


la. Eco(»UBaphwric(w (fovea hemi- 


ISi. Modiolus. ^^M 


gpbKricB). 


2rT. cupula. ^H 


13. Macula cribroaa media. 


^. Uwina modioli (seyphoa Vieus- ^^H 


U. EeeoBui elliptic.« (fovea hemi- 


^H 


elliptlm). 


•£>. Hamulus lamiue apiralia. ^^M 


15. Intcroftl opening of nquediiti of 
yesUbnfc. 


m. Fonunina for the paaxage of Qla- ^^M 


mcnb< of cochlear nerve. ^^M 


in. Fumula sulcifonnis. 


31. External eemidrcular canal. ^^M 


17. Bec««ui cochloori*. 


3-2. Eitcroal ampulla. ^^M 




:S3. I^UH siuplei. ^^m 


Tit. !■ Tba Buna as Fig. l, wltb tbe Hembranons Labjrlntb Preaerved ^^H 


IHalr Dlasrammatlci (P. ]ii«l 1).). ^^| 


1 I. HecesBUB iHritnli. 


11. Ducliiareiinii'n!' (Hrnscnii). ^^^| 


8. Ctrkuln. propriUB. 


ir.. Siiii'rior Aemicirt'ular caual. ^^M 


3. Porierior bIhue. 




4. Superior aiDu*. 




S. Crux idnipUi. 


18. (.^ecnm vestlbatarc. ^^^1 


a. MembiSDniiB ampulla witli cris- 


19. Oeseoua portion of secondary ^^^1 
spiral lamina. ^^M 


ta ampullaris and auporior 




SO. Corhloar duct. ^^M 


7. l*tenl ampulla with crislaam- 


ai. lamina bnsilaris (apimll. mem- ^H 


pnllarii and UUial ampul- 
lary nerve. 






B. Ctm commun.!. 




B. Porterlvr aiDpulla with criiita 


23. MsAmButiim spirale coehleu^. ^^M 


ampulla lis. 
10. Hacuh arustiva utrivuli. with 


34. Scala lympuni. ^^M 
2.% Scala vestibull. ^^M 


ntrir^utar ticrve. 


2a. Cm^um cupnlare. ^^M 


11. BmcuIus with ainus utrirularls 


•27. Hclicutrema. ^^^1 


cMcnli. 


98. Coarse bundles nf cochlear di- ^^H 


IS. HmdI* acunica i»>»!uli. with 


Tixlon of eighth u«rv<-. ^^M 


wwular nerve. 


39. Fine bundles of cochlear divl- ^^M 


^_ 13. Duirtnalitrieiilraaecularinlcndo- 


sina of eighth nerve. (^^^I 


K iTinptMClt'iiai. 






h 



PLATE 9 {Continued). 



Fit i- Bectton {witb • Saw) tbronsli EUgbt OooblM of OhUd ( ■ 4) (B. 

1. luWrnal auililorv iin:iitm.. 5. Spir 

a. Spiral cribHfiiniHratt. U. Kire 

3. Modiolus. Ifrl "f B<»la veatibuli. 

4. Lougitudliml ouimla of modio- 7. Svptuiu llumius spiralis). 

lua. 

rif. 4. TUB Same aa Flc- >■ «lUi Ooehlear Marrs and CocUmt Dnet. 

I. IVn-hlair dhlsiou uf eightli 4. lAoiinn haailaris (spiralis miiiu- 



!. SpimI gaiijtlioii. 
I. Oiweoas purtidu uf 
ralis (prinmryl. 



I Testibuluris (Beiss- 



PLATE 10. 
Fig. 1. Left Temporal Bone SbowlnK Dora Mater of Cerelinuii aad 
CerebeUum. the TraiiBverss Sinus, tbe Tympanic Hembrane, and 
the Interior of tbe M&BCoid AnCniiQ < B.) 
(Till' auUTiur ivill .il 111.; au.iiu.rv mcnUiH liiiS lioi-ii rpiuoved.l 
1. Dura muter. 3, Tniiihvtrso einus. 

3, Middlo ineninupiil nrtcry. 4, Masloid rmiuBSry. 

Ftg. a Left Temporal Bone S&oirlng tbe Brain and Interior of Haa- 
told Antrum. Tbe Dura Mater and tlie Trmpanic Kembrana 
Have Been Removed (li i. 

II, Mastoid mitnim, 

I'^. Mastoid prui'i'ss Bod cells. 

n. Cells in scjiiamoiis portion. 

U. Malleus. 

iri. Incus. 

ie, <1innlB rrmpani. 

18. Curebetlum, with tcreat horinm- 



3. Swc.nd temporal flMUre. 

4. Third temporal ronvulutioD. 
a. Firal temporal flwiini. 
C. Second temporal I'onvolution, 
7. Fiist temporal convoluUou. 
B, Fodw of Sylvius. 
9. TbinI temporal liuure. 

10. Fuaifaim gyros. 



£4^^^' 


^^™ 


■ 


T„bn. 




£ 


"^ 

MK 


k 

k 


■ ^^ 


/■*«• 
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^ 




Vj 


ri> 





^^^^^^Q^^^H 


^^^I^^^^^^^^^I^^^^^^^HHi^^^^^l^l^^H 


Wtr ^^^^^H 


Bua of the Sltull ; Left Labyrintn Eipoaad on tia Rtght Bide ; ths ^^M 


GTOOTsa m the Base of the SkuU are Bhown ; ttJe SlBusee of the ^^H 


Dnra Hftter are Harked in Blue. Two-thirds Life-size (li.i. ^^ 


1, Crista frouUlifl (un the left, 


aa. Transverse sinus (horiaiutal 






luugltiidinal alDi>8). 


84. Saperior longitudinal ainus and 


2. ForatDen cecum (emisBarium 


tiirtiulitr Uvniphili (rouau- 


Sautoiiul). 


ence of the siuiises). 


3. CrlRU galli. 


25. OcdpiUl Hinus. 


4. Lamina cribrosi lolfcctory 


28. Ot'cipilalsinuB. 


nerTe). 


27. Vein of wiutednctus Testibuli 


6. Lener wlug of sphenoid. 


(emerging at the oitomal 


& Optic furanieii (ojitiu iiervu. 


a|>erture of aqueeductug ves- 


ophthaliuiu arterj). 


libuli). 


7. AnWriorclinoldprocB* 


'28, Internal auditory vein (emerg- 


B. Sella turcica, tinnked hv tlie 


iug in the internal audilory 


median cUnuid jirocess. 


nn«tu»l. 


0. Donum ephippii. vitb puGteriur 




clinoid prouMs. 


IHmergiug aL the esternal 






viiiiuD of flflh nerve). 


l™-). 


11. FunnieD ovale (third diviw.ii 


30. luftriur potrosal sinus empty- 


of fifth nerve 1. 


ing into the CBvemonB sinna. 




.11. OircnlarginuB (Ridley). 


nlngeal artpry and reciirreut 




brancU of n/lb ncrvel. 


OfBkllll. 


la Ckrotld canal aud foramen 1a- 


33. Sinua of IcBsec wing of sphe- 


cerum anterliia (great and 


noid. 


lener sn]ierllcial pctniKal 




nerve*, Enstathiun tube, 


35. Transverse groove through 


and teusur tympaoi mug- 


middle foesa of the atull. 


cie.). 






petrous portion of t*niporal 


ramid. 


bone (legmen tympanil. 


15. Cochlea. 


37. (Iriiove through apoi of pyta- 




luid. 


17. Togmen tympani sod roof of 


.18. Trunaver.4> Ossuro (between 


antrum laid npcn. 


poatoriur condyloid foramen 


18. Anterior condyloid fonimen 


and foiaroon magnum). 


(twelfth nerve). 


31). I^iiigitndinal groove through 


19. FoMerinr condyloid foramen 


posterior fossa of ekull. 


(emlanrintD Santorinl). 


ing lu tbc bend In the inter- ^^ 


SO. Foramen matiniiin. 


in. Superior petroHal BinUB. 


nal ennitid art^ryj. ^^M 


32. T»n»yenw sinua (dosceudiim 


41. Juga cerHbralla and Impres- ^H 


portion). 


siouvii digilatn. ^^M 



Pl.ATE 12. 



ir Portion of the Right a 
Trajisparent. The Accessory 
Wood's Hetal. A Gatbeter Is Pe 



Ide of the Skull has been Rendered 

Cavltlea of the Nose Filled with 
3Bed into the Euatacblui Tube i B. ). 



a Tubal 



lal laid Itoru 






I 



il Itorua tubarins) and 
plica sdlpiugopbaryiigifa. 

4. Pharyn^'al opening of Eusta- 
chian tulje. 

B. Pli™ mlpingopBltttina, 

6. levator pnlstl inuHcle, 

7, Hard palate. 

B. Soft palate and uvula. 
0. External now nnd naris. 

10. Inferior turbinate. 

11. Middle turbinate, 

12. Buperior turUinaU, 

13. Fran lal sinus. 

11. Ethmoid cclU in niiddlu tuisal 
D](4ktus : two ethmuid cells 
appear, one above Che other, 
extending to the middle tur- 

IB. Ethmoid ctlls in supiitior nasal 



nlbe 



r of t 




18. Same in the inferior . . . 
IS. Mouth and lacrlmooBsal duct. 

20. Superior iDea 

21. Alveolar procraa with thiw. 

l«eth: the roots are Ibinlirl 
seen within the aire ' " " 

^ Roof of nrbil 



uof si 

23. Jiijm cenibralia i 
aioueadigitatie. 

34, Lesser wmga of Uie BphenoMil 
wiih anterior cliooid p»-* 
cosses and optiv (bramen. 

36, Sella turcica. 

20. Middle fossa of skull. 

£T. Lamina cribrosa. 

28. Crista galli. 



PLATE 
Hff, 1. OKTUlftslnom Portion of Auditory Heatiu ( x IS) ( Hematoxrliii- 

E(«iii) {U.I 
I. Epifienn. r>, I'truniinoiis glands. 



;. Hair. 



■I. 



ir-fullici 






:. Purl 



Flc- S. Hneons HembTuie of Promoiitory trom t PiTS Uontlia' Embrro 
(HcDiatoijIiu-Eosin) (B.). 
1. (.'uboid epithelium nitli gntnu- 2. Embryotial niuuuuii tiatue. 
lar deposit. 

Fig, 4. Hucoua HembTane of FromoBtory from Adult iHenutoiyliu) I 

(X BO) (B.). 

1. Colloid t pi Uii'liu In . cuuBtnembraiie withlympfao- j 

2. tlarilliiry. 

3. Tympaniu nerve. 

4. Connective- liaBiie layer of n 

FIf. S. Hutold 0«U wilb Hnconi HambruiB (llDiDHMiyUn-EasiD) 1 



Tympanic OrooTe, FlbrocBrtUAglnoiiB Bins, and Tympanla 1 

UembTane (Radial Becttont (Ucniiitoi.vlin) ( ■. HO) (B.). 
ipanic' HuUiiw, panic entity (cylindric epi- 

iatliiK liWrs uf fli.roriirltia- tlti'lium), with pupilla. 

inoiiH rinit with a Tew ciicu- T, Blood-vessebi. 

S, Murnna laycrof tympanicnem- 
brano (cabnidal epitbetiam). 
9. Ijayerof circular nberslatiatain 
dniularol, tunica propria. 

10. layer of radial filwrs (stratum 
rudiatum), tunica propria. 

11. Epiderm (stratum ct ' 



tion. 
3. Fvrloet«Dm of auditory nieatiu. 
t. Epiderm of aiidftorr meatus. 
n. Cuticle of auditory meatus witt 

vcbkIb. 
6, Mucoua meiubranc lining tym 



^" 




1 


HL— ^^^^^^^^H 


■^^^^H 


■ 
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PLATE 


14. 




J Portion] (Hematoiyliu-Eoain) 


I ^ !tij (B 




1. CiliaUd ppithelium with bawl 


6 


Hook-like bend. 


cL-lle. 




I..ttterBl plate of curtilsue. 


2. La men. 


e 


Fibers of tensor tympaui mus- 


3. Adenoid tissue of mucous mem- 




cle. 


hnine- 


9 


SubmncoUH fatty tissue. 


4. MucouB glnnds. 


10 


Lateral wall of the tube (mem- 


5. Median plaW of tartiUge (.^laa- 




branous). 


tic cartilage). 








1. Ineua with medullar)* iqwces. 






S. Malleus with ni«lullary aiaces. 


5 


Fibrocartihuginoufl baud. ( 


3. Mediuu i^apsular ligament. 






ng. 3. Base of BtapsE in Fenestra VeBtibnll iSynaeimosU Tympano- | 


stapedial from Left Eai 


Hcmaloxyliul ( ■ 14) (B.). | 


I, Base uf stupfit. 


5 


Mucous mumbraue uf tympanic 


S. Layer at hjaliae cartilage cov 




cavity. 


erillg base of slopes. 


6 


Osseous portion of fenestra vea- 


3. ADteriur limh, with cartilsgi- 




tihuli, with coverioK of hya- 


nona invralmcnt. 




liuo cartilage. 


*. Posterior (imb. with csrtilagi- 




Annulni ligament of base of 


noua investment. 


e 


stapes, 
Pmofitf'um of vistihule. 


FlS. 4. Bectlon throQxh thB Hiddle and Internal Ear of a. New-Dorn 1 


Infiuito; 14i(P.). J 


1. Tympanic membrane with 


s 




cro»*..ctinn of malieus. 




perilymph). 1 


2. Tympanic ring. 





UtriculuB Icon tains en do- 


a. Posterior limb and head of 




lymph 1. 


stapes (crus poatorius, oftpitu- 


10 


MacQla acustica utriculi. 


lum stapedis). 




Ampulla poster! nr. 


4. Fenestra vcstibnli. 


13 


Crista ampallaris posterior. 


5, Promontory. 


13 


Connective tissue. 


& Fossola feaestne cocbleu. 


14 


Eitenial auditory meatus. 


7. Facial norra. 


15 


Pad of nmeoiiB raemhrane in 
foHBUla feneatrw vMiabuH. 

1 

i 



^^^^^Dfl ^H 


H PLATE H 


1 (Vonlinueil). ^^H 


^KlU- B. BtcUon tluouKli One of tbs Tumi of the Gochiw In Hui ( x 1-2). ^^| 


^B 1. 8uiU VMtibuU. 




Nerve buiiille from thu oix:b- ^^H 


^^■' X, Seals tympani (cunlaiuiiig jicri- 






^B lymphl. 


8. 




^^■8. Cocblcuriluut (couUkiuiUKEutlu- 




Lamina biu<ilaria (spiralifl mem- ^^^| 








^B 4 Beimner'a membrane (mem- 


10. 


Crista baailaria. ^^H 




11. 


Spi«l ligament of cocblea. ^H 


^B B. CrUU apitalls: (a) labium vea. 


12. 


Orgamin spiiale (Corti'a organ). ^^^^| 


^B Ubukrc ; (i) Ubium tj-oipau- 


13. 


Curti'g inenibrane. ^^^1 


^B ieum. 


11. 


Nerve-dbeni of covklvar portion ^^^1 


^KS. Canal uf RoHeiithal niLh gang- 




of auditory nerve in modi- ^^H 


^H Uou cells (KaQglioQ Bpinlcl. 


15. 


Onter wall of the cochlea. ^^H 


^1 Fls. e. Coebleu Duet trom 0ulii«4 Pig (x e6) (B.). ^^| 


^1 L Spiral ligHmeut with hlood- 


yz. 


Inner hBir-cotIa and inner ana- ^^^1 


■ ve^^lH 




tentacular volU. ^^^1 


^■S. CrisU bnsJUrid. 


13. 


lulernal spiral Buicna with epi- ^^^1 


^^TiS. PramEnimlia Epiralia. 




^H 


^■.4. Suloiu Kpltnlis [ntcmuH with 


14. 


Membmnu of Corti. ^^H 




\T,. 


Ubinm vestibuUre. ^^H 


^■«. Stria v>KUlari«. 


16. 


Crixla spiralis. ^^H 


^■C Cetli of ClaadiuR. 


17. 




^^k.T. TympHaic covering of Umiaa 




hrana vestibulHris). ^^H 


^B bi^IariiL 


18. 


Upper I lamella of o»«oub spi- ^H 




19. 


I/>wer } IT.1 lamina. ^H 


^■9. Deiter'B celU. 


80. 


Spiral KanKtia. _^^H 


^^■k Three external hair-eel is 


ai. 




^■^ [rootel. 


»j. 




^BU. Corti'K tuonol with external 


23. 


Scain vestibuli. ^^^H 


^^K and Internal sapnortJDg cell 
^B and two bwal celia. 


24. 


Coublntr duct. ^^H 


25. 


SctatTinpanL ^H 



Tabu. 





Fig.S 




PigJ. 






PLATE 15. 

Fig. 1. Barcoma of Auricle 'P.). 

FlE. 2. Lupua VulgsrlB of Auricle [ P.). 

Flc< >■ Ouolnonui of Auilcis and TemporiJ Bone IP.I.— Left ear of 
.1 mail furty-sii ymrx i>rai;<' »'lii' liml siiU'erecl from uural diHcluirge, The 
eaircluiima ritrafleil into tlie lj.Kly of the t^iHporal bone, 

Plf- *• Aoqnirad Btrictiire of SxMnul Andltorr Hettiu IB.),— I^ft 

wr of K mau tvbo had tiuRu run ovL-r hy a wagon in ourly i-hildhoud. 

» Immeil lately behind the niHMiiug or the uiiditury nxfatiis there la a euu- 

; DBOtive-tiniie septum stretched anroM the canal like rt dUphrngm, with 

K rannd oponliig that admilK a wiunil the siw uf a jiiu-head. He uan 

he»r whlHpcred convomalUin at a dislnnce of three tneteni. 

Fls. B. OtlieinAtoiiML of Aitrlde IR.).~~ThB tunmr developed withoat 
any aacertai liable causo in tlio (unm triatiiiularu cif a man twenty-three 
ye»r« of age. 

Flf. ■■ Bpi>ntaii«oiu Cure of an OUiematonui (B.|.— Ear of a man 
thirty-six yean of uef. aiBlcli'd with paralytic rtemenlia, who had hod 
an otbemaluma M>VL>ni] yeani l-rfore. The triunjiiiliir Soeeii and the anci- 
helli are diafltiiireil by atrophy <if tlio cartiliigo and eiitilrk'iat euntmo- 



PIRATE IB. 

Fig. 1. Flbrons Tumor iKeloldi of Rlgbt Auricle (P.). 

Fig. S. Cfst of Left Auricle, OroirlDs ITom Posterior BnrfMe (P.). 

Fig' 3' Tbe So-called Daxvlnlui iDuviii-Woolner) Ekr; Aoqulrad 
Coloboma of the Lobe of t&e Eu* (B.i.— KL):bt «ir uf a u'oitian aiit; 
vvan uf ugi- euITcriUK fruiii iianilvliv ili-mtniia. 1. IMrwiaiHu inint (true 
point i)f till' van ; 2, lacvratiuii i.f the lobv bj- neiirinK par-ringH. 

Flc. 4. WUdBrmnth'i Bar; Adherant Lobe; Anrtcnlu' AvpeiutagM 
IB,).— RijUbt eiir of an alcohuUo subject forty yean of a^c: 1, Antilieliz 
tiniiectirii; well beyoud the helix ; 2. tbc liibr is adbi'reiil utxl citends to 
the chi-uk ; 3, HDrleular appeodagtH (addod fmiii tbi; lur uf another 

Fig. S. Oercoplthecu* Eax: Oomblnatlon of Satyr and Darwlnlu 

Point; Congenital FlttulB AuTls (H.i.-Ri^lit cnr (if a 1111111 fifty yean 
of iiK'' siilliTiiiK from ]iuru)^[ic: lii'iiioiitin : 1, Siiiyr piiiiit ; 2, Darwinian 
jujint ; ;i, i'iiii[;{'nitn1 li.stiiln aiirJK luddiil from thi' mr uf Ilic other Bide), 
Pig. e. HloTotla, Tltb Congenital AtrsBla Atuia (B.).— Male, thlrty- 
seveo years of age. The right sar is deftimied ; the Itft, a cut ear. Ar- 
rested developinent of the right side v( t!ie akull. Impiiretl mubillty 
of the riKht half of the pulalc. Deviation uf Che nasal EC|ituin to the 
right. When the left rar is held shut, the patient can hear low-pitched, 
but not hlgh-piti-hed. wiifnperuJ wordu at a distikiie« of (Ive (<eutinietenk 
Tnuing-tbrka r, e, e". «■, when pliu'ed on vertei, heard in the tight ear. 
Air-coiiduPtion abeent; boiie-coiiiliivtion good. The Oalton whistle Is 
heard at the mark 4 (nnrmnl S). liistend of an auricle, the subject poe- 
aesBed a long fold of skin GonlnininKn ptate of cartilage extending to the 
lower portion (lobe) |1)- Above, thn mrtilaiio rontaina a sbort, blind 
eanal — adheHioa of denceiidingand a»>cending helix (2) ; below tho middle 
the cartilage contains a tubercle (3) (onion uf middle portion of helii 
with tragus) ; behind the latter there U a htiud depressioo (mdlmentsry 
auditory meatas). 



PLATE 17. 

Fig. 1. EioBtoBlB on the Squsjnoua Portion of the Tampor&I Bon* 
Mid BypoToatOBls of tbe Eitero&l Auditory Ue&tui (B.|.~KiKlit ivm- 
pijnil liuui; M^i'ii from in fnnii: 1, Exuh(uuls uu i.liu squiLmous porliun 
liwliled fniiii umilhcr tpiuuonil bono) ; H, Icaf-almiied siipraineatal spiuo; 
3, ijoDBtricltd henrt-shaiMid amlilury rawitus. 

Fig. 3. Qaping FoBMrlDT Half of KedUn Wall of Trtnpuilc Cavll7 



and Bulla JngiUarli ill-l.—Left tymiuink u 






Kthui 






if the ] 



vity » 



iitAtus. The bulb 



of tho jugulur vein was clmwly . , . 

covered by tho Diucuue membra ut uf Ibe tympHuiv ukvEty : 1, I'rmuontory 

with renestra veslibuU and cuchlup; 2. gap. 

m. 3. Antarior DlBplfteomeat of Oann Carotlcum (B.|.— The right 
lympsuie i»rUy aftvr removal of the aiileriur bouy wnll ul' llie audilory 
meBtuB Bueo fnim in fmiit, Tbc nimtirl ijitml il) Tcacbvs Hloiuat tu the 
pmniUQt«ry (2' hi the Ivniimtiif cuvilv. 

71«. i. Downwifd SliplacBniaiit of the Hlddle Fobes of the Bkull 
and Fonrord DUpUoemsnt of the TruuTerBa BlnoB lU.).— Kigbt turn- 
ponl bone ; Ibe ok^^ous ptjrtiun of the atli^ 1 1) removed after Slucke; 
the iDBatiild ftiitrltm o|teni>d through thu auditory meatus; tlie lalenl 
IHirtiou of the posteriuT buny wall of the auditory meatus has bet-n left 
(2) in place. By npeuing the mastoid prouesH () cm. behind the Hipra- 
DieBtvl Kpino (3||, the dura mater of the cerebrum (4) at » point ) otn. 
below the aupramaBtuld crext (5) sud the tmnsverae Hinus (6| were ei- 
puwd ; tbet luwoi extremity ut the lalli;r approochea within 4 min. of 
the poaterior buoy wall of the auditory meatus: 7, prumontury. 



PLATE 18. 

ng. 1. HonMl 8yiidasmolos7 (P.).— Wall of teft promoDtory from an 
individual with normal power of bearing. Tbe crura of tbo Btapea ate 
connected to tbo mHigin of tbe reiieHtni vi»tibuli by strands uf mucout> 
msmbniDe (1) ; Hitnilar strandn are seen at the margin of tbe feneBtca 
coubleee ('i). Ptominence of facial cbduI (.1). 

Fl«. 3. HanbruuiiiB Ankyloalaof 8tsp«« (ObroiUc OfttMTli) (P.).— 
Wall of lell prunioiilory from a deaf wumau si'venty-foiir yean of age. 
The stapea ia fixed Id tbe feneatra vcatibuli (I| by meaus of dense bun- 
dles uf cooaective tissue ; froni Cbe Quur of the tympanic cavitj' a robust 
mass of conDBCtive tissue paasvs over tbe margin to ibe fenestra cochlew 
12) and on to the bead of tbe stapes i^). 

ng. 3. Ctazonle CKtarni (P.).— Wall of left promontory from a woman 
■eventy-tbree years of age very bard of bearing. Tbe mucous mem- 
brane of the tympanic cavity contains tendinons bnods. Tbe margiag 
of tbe fenestra vcaljbuli (1) and fenestra cothleie (2) are oliliterated by 
masses of connective titeue; the head of the stapes (3) alone prqjei'ts 
shave tbe thickened mucous mcmbraDe. 

Fig. i. HembruuiDa Ankylosli of Stapes ; OHeoni AtresU of FsiiH- 
tra OooUeft (P.).— Wall of left promontory from a deaf-iuute forty years 
of age. The fenestra cochleai ia replaced hj- a Solid mass of bone (1); 
the stapes is flrmJy attached to the coiitnicted margin of tbe fenestra 
VMtibuli by means ot connective-tissue bands (2) ; tbe promontory is 
Oatt^oed (31. Facial nerve (4i. 

Fig. fi. Honnal Ketwnrk of Thnada lu the Mulold Antrum vltb 
FftdnuotQated Corpusclea (P.).— The tympanic cavity and masloiii 
antrum of tbe right temporal bone from a man sl«y-one years ot age 
with normal power of bearing; seen fWiiu shove sfter removal of leg- 
men tyiupani and nuf of antrum (]|. The tendon of the tensor lym- 
pani in iU passage across the tympanic cavity is accompanied by a fold 
of mucous membrane ; tliu iiiasloid antrum contains a branching net- 
work of threads with a fen iieduncu luted corpuscles (2). Head of mal- 
leus (3). Incus M). 

Fig. 6. Iformal Fold of Hucona HsmbTBue Sunning from tbe Body 
of tbe luona to tbe Haatold Antrum (B.l. —Bight lympanic cavity and 
mastoid antrum seen from above after rem'ival of tegmeti tympani. 
Tahen from an individual with noniial power of hearing. Body ot 
IncuB (II : fold of mucous membroue (i!> ; mastoid antrnm (.1) ; bead of 
malleus (41 ; anterior ligament of malleus (5) ; lateral incudomslleolar 
fold (6) : tendon of tensor tympani musule (T) ', Eustachian tube 
from above (8). 
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PLATE 19. 

ris. i. Karabnuioni Aakyloili of loeiu and BtapH ; HiUbrmSEG 
of Ittoni (P.). — Pulroua punion of Hght Uiupural boue from a dmf-muU: 
girl. o-ttifT ntuovai •>( tympunlc nienibraiie anil miillEUS. Front view. 
The bixiy of the incus U wrapped In dense counectivo (isHiiO (1) ; the 
loDg piuceaH of the Incus is elongated and beut over baclcwiLrd |2) ; Ite 
union with the stapes (3) is fixed tn the upper wall of llie mitr^n (4) ; 
the tendon of the aUpediua muaclo (■'>) pasBea obliquely upwnrd: the 
nuMUa membrane lining the tympanie isrity Is thitkened aod tvndin- 
oua; the marKin of Iho fenefltia cochleie la nblitemtcd by conncotiTa 
tiasne, Qirotid eanul (7|. 

rig. S. Ankylotl* or Lone ?T0caaB of Laeni (P.).— Right tympanic 
MTity and labyrintli fniia a deaf-raute, opuned from the front. The 
maltens is freely movable. The long process of the iacus is firmly Hied 
to the }Kwt«riar wall of the tympanic cavity below the pmmiuenue 
formed by the facial ean.il 131- At (3) the movable base of the stapes is 
aetn in the fi^nextru veatibiili. Mall^^os M). Tympault membraue \5). 

Fig. 3. Remain* of a Oliroiilc Suppurative Otltli Hsdla. Hom- 
bTAnons Adhesloni Between tha Drumhead and the Stapea (P.i, — Left 
lemiionii liouo from h woman eijiliiy-oiip yi'ara of agt ifliT removal of 
the anterior bony wall of Iho nurtilory mcatna. In the suiicnipiislerior 
portion of the tympanic membrany thpre is a round scnr. tlie center 
of which Is fixed to the head o( the ntapes 1 1) ; Che hinu proii.'si of the 
Incus has been destroyed by caricH. 

Fig. 4. FtK- i Bha from Above after Kemoval of Tormen Tympanl 

(P,).— The near (1) ■■ussea from the bcMly of tlio incus (3) to the heart of 
the stapoB. Head of malleun (3). Tendon of tensor tymiani muscle (4). 
Tympanic membrane (5). 

PlC. B. Homalu of a Chronic BnpporatlTa OUtla Hadla (Dry Prejw- 
rkUon) IP.).— Left temporal bonn after n'moval of the nnttrior bony 
wnll of the anditury meatus. The entire tympanic membrane exfept 
a oarrow border near the periphery (1) is destroyed ; the end of tbo 
nutnabrium Is fixed to the promoiitury by connective Usane 12). Owing 
to arioiiB deatmction of the long pmcesB of the Incus the slapce (3) ia 
free below and in front; the la«t remnant of the tympanic membrane 
posses to the promontory. 

Fig. 6. Spedmati of ng. B Bmii ttom Abovo after RemoviLi of 
Tagman Tympanl.— The nmlleiiK (1) iiiiwivi tmckwanl to the promimtory, 
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r tymiAui 



. of the incus but 



lO that the atapes is free {*}. 



PLATE 20. 

.. Sagittal Section tbrongli the Attic and Halleui U 



1. Eitremity of the bony n 

Ihe auditor]' meatus. 

2. Eitremitr uf the bony fli 

the atiallflry meatus. 

3. Head of uutlleus. 

4. Manubrium. 

5. Tympatiic mrmbmue. 

6. Attic— eitarnul portiuu. 



T. l>rii»iah'K spavo (receaaus mem- 

Iirauee superior! . 
a. LnUral liffsment of matleas. 
H. i^hnipuell'B Dienibnlne. 

10. IS hurt lateral proceHS uf msileus. 

11. PcduDcnlateil corpuscle from 

lower wall ut Pruesak'i 

Vi, Nock of malleua. 



FlK. 3. Sagittal Section tUnrash tbs AMo and Hallaai In a Hsv- 

bom Infant (X -2f)) (P.).— 1. rnissatc's Hpace fillLHl nilb vmbn'onBl 
c«nni!ctive tissue; 2. a spa™ liu«l B'itb ei>illielimii. beginning devel- 
opmeiit of PrussHlc's apncu ; ^1. lateral f short) procoss of tho innlleUB. 

Tig. 3. Sagittal BflcUoD thrmigh the Attic and KallBna In Cfaraale 
Snppnratlve Otttla Hwlla (X 18) iP.).— 1. Dpatroycd ligament <if ninl- 
leua; 2, outer portiou of utile, and 3. inner portion of attic, tilled with 
rapidly proliferatiut; miiuoiis membmnii; 4, miicous membrane denuded 
of epithelium ; S, free eiudiHn ; H, tegmen tympuiii ; 7, iliverticuLi In 
the hone. 



Fig. B. Sagittal Section ttirongb tbe Attlo and Halleua In Ctironlc 
Kiddlo-ear Catarrh ( -' yii) (P.i,— l, Shraimcll's memhniiie partially 
atlached Co I he deik of Ihe innlleiis by eonnective tissue; 2. c '" " 



1. Drumhead. 
8. Promontnry. 
3. Inveatment of i 



Goticulati^d and perforated c 



6, Medullar; epaoea. 



PLATE 21. 
Tig. 1. Calcarfttnu Depoilts In the Drnmliaul (x 4} (P.). - 
. Head uf malleuB 3. Drumhcnd. 



Tig. a. HedullaryCaroliioiiiaof ttaB AsrlcleUi<-'iuiitaiylia-EoBiii](X6t 



1. OkrtiluKe. 
3. H^lll)^l^^^ll ii 



1. Epidenu, 

2. Prullferiktions ot Lho f>in<l(.-r 

dipiilug iluwD into tho m 
dprmal region. 



4. Iiillltnited periuhoiidriulu. 

5. luUUrutiun peuelntiu); Inbi 

the carCilugu. 



1. Centntl necrobiotic nodulas 

witli giaut-cellB. 
1. PUattia uelU. 



Fls. It. Brperplaila Of tbe PhumgeU Tonsil as laen In tlia Hliror II 

1. Hypcrpliialii: |iluir;ageal h>DBi]. 5. Midilki turbiuutu (Hliove au 



<! ll'vu£! " 



T. KoBviimulltr'a fiHBft. 

a. Tubal ruld. 

9. Pbttryugoal oponing of taba. 

Iff. *■ arPBrpUals of the Pturrngaol Tonsil iHeiiiutuiylin-Ii^Mii 
X) (B.|.— 1, 8i|iiamuii» f|iillieliiiju ; -J. lougitudinal furrow; 3, full 
; i, diffuse adcuuid dssuo, 



PI,ATE 22. 

Fig. 1. The Depoiitlon of FBn7Tl>BnelnlbeFaBiilia.of tbeTeneitra I 
Cocblen after Chronic Suppurative OtltU HedlB (v ISi (P.). 
Promonturj; 2. sivmiiinrj- 1j-nipniiii- nipmbmiu> ; 3, falt.v tissue iu 

FiK- a. Obiiteiutloa of tlie FoMula Feneitrn Coetaleie by Ffttty ind 
CoiuectlT* TlMue In & Deaf-mnte iv i!>| (P.',— 1. Piomontoty ; S, 
fatty anil coimci^tivi- liiuiii^ in the TokjiiIb funeBtiw cochten!: 3, sucoDduy ' 
tympanic inpinliniiiu ; 4. lignmentiim spiniln; 5. wal« tyiupani. 

Fig. 3. Connective TlBBiMOcciUTliig in ttieFoMnUFeneitTMOocIilMi i 
After Ohronlo Suppurative OtllU Media ( ■- ■at) fF.).—i, Connectin 

tissue with cyst-likt spncps. 

PIk- *■ Oauoua Ankyloiis of the Btapai i X M] <P.U— 1. Base of tba . 
atupi«a ; 2. «nterii>r, 3, posterior, crura : 4. bony irw fnnnation at th* 
posterior raaririn of the (Vncstia vpHtihuii, and union with the border 
of the bane of the stapes; fi, mucoua mptnbmue. 

Fig. B. OiisouB AnkylOBii of the Btapei, From a Han Seventy-fmiT 
Teari of Age and Vary Hard oT HeuinK ( v. 14) (P. ).— 1. Bane of the 
atapea; 2, anteriur, .3, pnsteiior, frnra; 4. dssi'oiib new formations m 
both borders of the margin ; niiion with tlie horrVrs of the base of the 
at&pea (41 and nith 5. the |RiBterii<r limb. 

Fig. I, OeieODS AnkrlMli of the Btapae, Prom a Voman FUty Tean 
of Age and Very Hard of Hearing ly 14) iP.I.— 1, Osxeons new forma- 
tion nfiar the margin and involvinK the base of the stapes; 3, old bone; 



r 



PLATE 24. 

Fig. 1. CbTOQlo SuppuratlTB Otitis Hedl& ; CuleB oT tbe Tegmen 
rympani iRl.— Liift U'lniwral tHjiu- frum a, uiau siitly-flvi! years of atce. 
aeea (cum iu fruul, afttr nrmuval -..I' iliu uuU^riur bi.iiy whU of the iiudi- 
tur; muitua. Total clistrui-Iinn of llie t)'iu|)auit membrtiae, malleUB, 
aad iacng. Tbrough the duftict in thu u^gnien tymiwtiii (1} light euCeTH 
from above into the tympaaic cuvlty {'i); Htapes (j|. 

Pig- S- Bpoclraen of Fig. l aeBn from AbtiTB.— The legmen tympani 
Is riddled like a aieve llj. Til. uf tlie iietroiis iwrliiiu of Iho lenitioral 
bone m. 

Fig. 3. Cbronlc Suppurative Otitis Media, ; Carles of tbe Auditory 
Heatni, the Auditory Ossicles, ihe Tegmen Tymponl, and Ibe Aatnua : 
Pachymsnlngltla ; Perforation of tlie Dura Hater ; Leptomeulngltli 
(1'.).— Left Ujuipotal buue from a gitl uiyUlutii jearo of agu, ai-ei. from 
■bove, after removal of tlie anlisriur bouy wall of ttiu auditory meatus. 
The lower half uf the tympauiv membniiH la still preeerved and Ibickened 
(1): the head <,f the mBlleus baa been destroyed by caries; the mauu- 
brium rumnms |3| ; the iiiuus is destroyed ; tbe head of the HCapes is 
Ringb (3) ; the tympanic raucous membnine is greatly thickened, tbe 
inner upper extremity of the buny undiwry muitus (pure "saea) is 
destroyed (1) ; there is also a linear defect in tbe posterior upjier portion 
of the wall (Ii) ; in its immediate vicinity are several vesioular openings 
enlarged by tbe carious proees!. 

Fig. 4. SpecUnen of Fig. 3 Sooii ttom Above aftsr Rodsotion oT tlw 
Dorft HAtsr IP.I,~ThH tegmen tympani |1) is diwolored and sbows one 
hirge defect and two smsUar gaps with ragged edaea (2). The large 
openiug behind is Hlled with giauulation tissue (31 that is connected by 
means of Hirandfl or cfluueutivu tiMSUe with tbe thickened mucous mem- 
brane of the mastoid process (1) ; (ho piirliixi of the dura mater in routaot 
with the defect is thiukened. covered with mucus. «nd prrfomlcd by 
fistulous tracts in throe places (ol, 

?lg. B. Chronic Suppurative OtiUs Hedla; Carles of the Mastoid 
FroceiB of Uu ExtemAl Auditorr Heatni, of the Tegmen Tymptuil, and 
of tbe Antrom ; Central HecroaU of tlie Mastoid Prooei* : External 
FachymsnlngltlB U'.).— Left tcmiwml bone seen from iu front. The 
curtei of the mastoid process In the mastoid fosis has been partially 
destroyvd hy the carious process H); the tympuniu cavity contains a 
seqnestrTim i2). which made its way from tbe mastoid process tlirough a 
carious defect iu the posterior wall of the auditory mealiia. Zygomatic 
proceffi (3); mastoid proceis (4l. 

Pig. e. BpBclmeQ of Fig. b Bmh from Abova after Il*ll«ctlon ot the 

Dnra Hat«r (P.).— The tegmen tvmpuni and roof of the nutrum have 
been completely destroyed and replaciHl by ■ tliii'kened mass of mucous 
momliraue <1| perforata in various places, Tbe contiguous dun mater 
is thickened and covered with exudate (9). while the cerebral aspect of 
tbe membrane is normal. Tip of the petrous portion (3). 
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PLATE 25. 

Fig. 1, Cbianlc Suppui-atlve OtiUa HedlB ; Necrosis of the UutoLd 
Process : Caries of the Roof of the Antrum ; FacbymeiiliiKltlB ; Ferfor- 
atloQ of Uie Dura Hater • AbBcesB of the TempDral Lobe ii'.i.—lxCi 
tKiujioral bout frum a. wumna fiftj-ULUi: j tars ul ugi: afur reuiuvul of the 
auleriur bouy wull of tlie auditury DiEuttus Hnd uf tlic uuiojurvil uirtiuul 
portiuQ of the miutuld prurean Front view. 

The tyni|iBiiic membranu U tbickeiied and perfamted lu its lower 
portion U)' The colls of llie pDeum&tiu miuttiiid pruueim tunu a movibte 
sequeKtruiu I'l) imbedded In a clou» linvd M'ith gniiiulH'' 
Tile tnustiiid toesa gapes io two phH'ea wlicre tlie tbi ' 

Fig. 3. Specimen of Fig. 1 Seen from Abore fttler RemonJ ot the 
Tegmen Tynputl uid Se&ectlon of thoDupK Hater iP.).— Iluuf of Ibe 

autruui dentrojed by isiriua Ul ; tlif stquiaitruin W) U tloaely applied to 
the dure maur (J), the Ulter is Lhii-keuvd sad presents a fistula {S) sur- 
rounded by n rampurt of puruleut gninulatinn tueue, communicating 
directly with tbe abst^eBS iu the Cttmpural lube tu which the dun muter ia 
BdheriiUC. The tyiu]>auic i:avity, malleua M), and iucus {H), the maHEuld 
antrum (Bl, and [be EuHtacliiun lube (Ti are filled willi dense miuiaes of 

Fig. S. Chronic Suppurative Otitis Uedla ; Polypi In the Tympanic 
Oavltyi Oaping of the Tegmea Tympanl; Pachymeningitis; Perfora- 
tion In the Dura Uater ; Abscess of tbe Temporal Lobe (!'. I. — Ltti 
tuiupuntl biiue fniiu u t(irl ini'iity-oni] yi'uni uf age, afttr n'OKivsl <if the 
anterior bony wall uf tbe auditory nioatus. Cuiti|>1ele destruetiuD uf tbe 
tympanic membrane and auditory uaskles. A )ioI.vpuH with Hve proceases 
prnjcets trum the tympanle vavity 11). Masltjid prucciw V2>. 

Pig. 4. Preparation Of rig. 3 Seen from Above tUter BefleeUon ofUie 
Dora KAtw |P.|. — The tegmen tympani prmrntfi a crevice witb smooth 
edgn 11). Tbe dura mater is tliirkoned. covered with Krannla^ne 
(adherent lo tbe brain), and traveiwd by a flstulous trect (2) that com- 
innnieated directly with the abeccss in the temporal lube. Bminentia 
areiinia 13) : tip uf pyramid ri'moved 141. 

Fig. S. Chronic BappnratlTe Otitis Media ■ Carles of the External 
Auditory MeatuB, of tbe Tegmen Tympanl, and of tbe Petrous Portion 
(HBunus of the Seventh Nervsi. Necrosis of the Osbboub Labyrinth; 
Thrombosis of tbe Superior Petrosal Slnas: External Pachymenin- 
gitis; Oereballar Abscess <r.l, — I.eft Irnipoml lioiif from a t<i'ri>fiiIuiiB 
wnmau thirty-sli yPHrs of «ge. Front view, after removal of the ante- 
rior bony wall of the auditory meatus. The tympanic membrane (1) la 
thiekened. and Shmpneirs membrane ('2| is perforated. The head of 
the mallHUn. the incus, and the o»iti(>iiii portion of the attic are deglmyed 
CI). PoIyiHiid granuIatiooB project from the defect in the bone and the 
perfnraliuu in tl>e membrane. Mastoid procew 141. 

Fig. t. Bpaclmes of Fig. D iMn fntm Abore Mid Behind IP.).~ 

OiriuUB destruction of the tegmen tynipaui. The eu|> is filled by thick- 
enuil mncoUH meiiibraue that is perfuratn) m uiic [ilacv (1). The con- 
ti|{Uous dura niat^r was thickened and covered with grBnaUttona, the 
aupfrior petnual sinus ivan thruTnlmtwd. and the irruove whs perforated 
in. On the |HMlerinr enrfacu uf the pyramid la a defect with eroded 
tdKOB through which the roughoned mid tieerotle capsule of the laby- 
tinMi ran he w-en (3). In the adjiu't>nt portion of tlie eeTehellum were 
two ahacrascs Ihnt communicated directly with the defeet. The carious 
destruction iMigliis within tlie tymjianlr cavity. In Ihu spungy hone enr- 
ttnndlng the compact n>|ii>ule of the laliyriiith. and extendi! to the |ioa- 
teilar tnrTacc of the pyramid. (8ro Plate 28, 2.) Internal auditory 
,.L jgm^ (TOOve (6). 
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PLATE 26. 
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Tig. 1. Clironlc BnppuratlTe Otltli MedlA ; CulM of tba Tympuile 

CftTlty Uid LsbrrliiUi ; MenlngltlB (T.!.— Right lemp-iral butie from ■ 
girl after iviiiiivnl nf the antiririr bony wall uf the auilitory meatus and 
tip of tlie ]>yramii]. Tolul di^slrucduii of Ihe tymiwuii: luembmiie and 
auditory utwii'lcs. The walb uf the lynipaDic cavity arc carioua, the 
promouCory and itx fenostiw have been destroyed, bo that the tympaajc 
uavity (1) comiiiutiinatea freely with the labyrinth 1.2). Below and in 
front, over tbe Hrst turn of the co(\hlMi, a aniatl remiiaDt of the edge ot 
the promontory (3) is preserved. On eithi-r side of this remnant the 
usattous himiua stHialis ul the uariouH cocbleu comes lutii view (4). On 
the flour uf tlie internal aoditory meatus t^) there !« a carioDB opening 
(«). through which the labyrinth cumniunicates with the internal audi- 
tory meatus. The pua from the tyniputiic cAvity had peuetiBted through 
the labyrinth and the iDtaroal auditory mesloa inhi the rninial ravity. 
Antrum (7) ; cella on the Boor of the tympanic canity (8). 

Pi*. 3. OarteaoftbaLabjrlntb; lIenrttUo^tIleruii&lHaTe(P.)■— 
Specin]ea of Pig. S, Plate £>, seen from above and iu front, after removal 
or the anterior bony wall of Xbe anditory meatus. A large porlioa of 
the tenmen tymjiani ia carious (1). The tympanic cavity (2) and the 
antrum i^) are filled with dense granulation tiaene. The capsule of the 
labyriuth is separated hy a mass of granulationa from tbe apongy bone, 
■o that the roughened cochlea (4) and the anperior aemieirctilar canal, 
which contains a carious opening IU}, are freely exposed. The facial 
nerve (H] la swollen and inflltratvi) with pua. The suppurative process 
began in the spongy hone, and, |iasaing around the cajianlc of tbe laby- 
rinth, invaded the jiosterior i-urfaeo of the pyramid. Tip of the petrous 
portion of the temporal bone iT] ; mastoid proces" (8). 

Fig. S. Chronic enppiin,Iive Otitis Medlft ; Oarlei of tbe Tympanie 
Oavlty and Labyrinth ; BestmollOD of tlw SersnUi Nerre ; Henliisltla 

<P,|.~PetrouB portion of the right temporal bone from a phthisical sub- 
ject, flfty-nine years of j^e. Tlie wall of the promontorj- contains two 
flstulse ID thai established a commuuicntion between the tympanio 
cavity and the interior of the cochlea. The lower portion of the Fallo- 
pian canal and of the seventh nerve is de!>Iriiyed (2). The horizontal 
semicircular canal (3) has bwo perforated by the carioua process, and the 
median wall of tbe mastoid antnim (i) is roughened. The pus entered 
the labyrinth throngh the openings in the promontory, and made ita 
way Ihrooiih the internal auditory meatus to the cranial cavity. 

Fig. i. Dbronic SnppuratlTS Otltii ltedl& ; Caiiea of tho Fetroiu 
Portion tCarotld Canali: Fatal Hemorrba^.— The carotid baa been 
drawn out of its raiiinl. Petrous portion of the right temporal hone 
from a phthiaicnl patient Ihirty-two yearn of age. The promontory II) 
is cnmpletelv undermined bv granulation tiaauo; the vestibule and the 
superior and external ampuilie (2) are perforated. The carotid canal |3) 
immediately aWve its lower extremity conlaina an opening 14) 3 mm. 
In length and 1.5 mm, in height ; the corresponding spot on the carotid 
artery presents a sitnlhir defect that is surrounded bv a wall of granula- 
tion tliBne (5). 
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PLATE 27. 

Tig. 1. FlatulB Dt Ule BUitold Procsaa i 
OUHb KadU (P,).-l^tt U.-iuv«,ml l«n.-frum a mnu. 
the mantoid [irotess, iruiuiidial«lv lifhiiid (lit auricfc, 
flnuU ID covemi nitli akin ami I'l.niiiiuiikntliiK nitl 
mastoid pmcem. The latUr i» u1m> cuvfrud nlili iikiu.a 
with tbo Auditury miiHlus V.l) lliniti^h n bunt defevt iu tlie pusurior 
Wftll of tbAt canal |2), Tht tj-tuiiuiiic tneiiiliruin' (I) is lliitkuued, in 
, places Mtophii;. aiid adbcrent to iLc wall of thi- proni.iulurj-. Tip of 
potrons portion i^i. 

71c- >■ OboleatMitaiiia of the Bztemai Auditory Heattu; Ohronlo 
lappiuMlve OUUi : Oa^ In Um External Anilltorr Maatni i P.).— Bight 
temporal bmir fruui a wuiouti thirty yeure of a|{e. Fruut view, Choleii- 
Ivatunw lias beun Kmuvi^d. The unurior bony wall of Che auditory 
moatlM prraenta a kidney -shapi'd dcfet^t It). The poslcrior Wall of the 
auditory meatiiB is ruugUeuud, aud t'lmtutiiK diverticula ('Jl, The supe- 
rior aulerior qiiadraul i>r Ilie tyiii|uiiiit' UKiulirHiu' [:!) has iH-cn di:Hlruy<-d 
lit is bidden in tlie pittiiri' by Ihr- ,i.«o.ni9 piirliim of tho uudJUiry 

Flf. i. Cbrtmlo Suppurative OUtia HedU ; Fistula of the Uaitold 
Ptocmi : Parforatlaii Ih the Tesmen Tympaul ; External Paabroieiiln- 
tftU; Oarebral AliweaB 1 ThfomiiDsiB of the TraniTsrie Btsna fp,).— 

The left temputal bnnc atlei removal of tlie anterior bony wall of tho 
•ndllory meatus. The Dstula ixsitnalfd behind tho ear tl). The tyni- 
pBulc niunbruno in di'stroyerl, rici'pt a uarmv perinhenil bonier thai is 
adherent iu plaoPM tu the wall of the tymgiiinic i^HVlty {■!). Mastoid pro- 

FLK. 4. Specimen of Pig. S Showing tht Flap of Skin Perforated hy 
PlltnlOUi Tracts d i ll*,).— Tlie I'nrtiiol portion of the niaatoicl prowia 
is p<>rfonil''d by lislnhe; whitish-brown luaswi of i'holfflt«jit«uia CJ) 
appear throuifh the (i|>euine' 

Fl|. B. Specimen of Tig. S Seen From Above. —The poiitcrlor half of 
I the M-troiis pnrllon is laid open by a rorooal section after reflection of 
. tho dura mati^r. The upper portion of the tympanic cavitT 1 1 ) and tlie 
I mastoid anlnini are nifnt willi Jtoccwouve layers of eholf«t«atomata. 
The roaf nf Ihn nuutnid antrum is perforatod 13). The couliKiiom por- 
tion of the dum uinler is disc-olorvd and thickened CI). The left tempo- 
ral lobe ronluiuB » Isnte alwe™, Einhlh nerve (Jl; ewhiea Ij); vesti- 
bule m. 

Fig. 6. Specimen of Fig. 3 Seen lyom Bahind; the TraniTene Sinn* 
Laid Open.— Tlic- lower portion of tho traiisvene iilnnx eoutaini a psrie- 
btl thrombus Ul- Musfoid proteaa (2) ; duru mattr 13). 



PLATE 28. 

rig. 1. Cbronle SnppnratlTe OUtU Hedtft; obolrateatoni* of Uie 
TrmpuilG Cnvlty (I'-J— lt'»:t>l li^mpcnil hone ne^n fnmi \u fn>nl aflEt 
removal uf tbo ;iuli:riur buu}- wall uf lliv audilury tui'UCua. Deslructiuii 
ofallbuU small remuunt uf tliu tviuiunic meuibniii' II). wliieLvouUuns 
tlie ruDwiiifl uf tli« maaubrium. The incus nod [bt crnra uf thu Klapea 
urc WBating ; tbe tjmi«uk' mi-iuljrsue is n>|iliici>d by a wbilisli layer uf 
epidurm <3| dinwtly continuuus with the romnoDt uf lymjiaulc luembranK 
(prelifemtioii of Piiidemiic wlls from tlic auditoi-.v nit^tua). 

Fig. 3. Spodmen of Flf. 1 Smq trim Abors ; Coronal Bsetton Uirongb 
tlta Sppsr Half of tti* Fetrtnu Portion tP.I.— Tlic cholesl^atuiua, made 
up uf suFi^rssivc luycn. fills the L'Otire cavity uf the middle ear like a 
sat. from llio Eustachian tube 111 lo the enlatxed raantoid antrum (2). 
luU'rnal mntitury nuwtiia (3| ; yestibule Hi ; coehlni (5). 

Fig. 3. CboleiteAUma of Uw Tympanic 0*TtIy Mid Xaatotd Ttdmib ; 
DMtmctloii of ths Bxterntl Andltoir Heatiu and Tympanic Okvltr 

IP.>.— Right temporal buuci from » wunian eighty years of age, after 
remotal of the anterior bony wall of the auditory meatus. The cholcs- 
tcAtonia (I) t-'omplctvly fills the tympanic ruviCy. the auditory mestiia, 
and uue of the earitieK iu the mastoid process. Mnstoid process (2l. 

Fls. 4. Sp«elm«n of Tig. 3 aftar RemoTal of ttie ClioieiteaUmui (P.). 
—By the complete deatmotiou of the bony wall of the amiilJiry mea- 
tus sod the disappesrance uf tlie boue, the tympauiu cavity (1), the 
auditory nieatus f2), and the mastoid antrum (31 have been converted 
into a nngle large mvity whose upper wall (4), which eomea in relation 
with Ilie middle foua uf the skull, is as thin as P^per. The wall of the 
promontory contiuiiB two deep diverticula <5). Theee divKrticula, aa 
well as the windowa of the labyrinth and the entire artificial cavity, are 
invested by a shinlnic niumbnioe covered with epidermis. At the poc- 
torior bonndary uf the tympanic covlty the seventh nerve 16) appears 
in (his memhtanc bk n yellow baud without any bony investment. 

Fig. B. Chronic BnppuratlTa Otitis Media; Cboleateatoma of tha 
Tympanic Cavity and Btaatold Process ; Destruction of the External 
Auditory MeatnaiP.i,— l*ft temjmnil bone from a man forty-two years 
of age after removal of the anterior bony wall of the auditory meatus. 

The lower half of the tympanic membraue presents a round gierfom- 
linn (1). The Hoar of the aoditory meatus is rough and uneven vi) ; tbs 
upper and poslerior wall is alHent. except for a small {wrtiou near the 
center (31. The cholestestomatoaa masses have been removed from the 
auditory meatus. Tlic auditory mentus, like the cavity, is lined by 
memhraiie covered with eiiidermis; masses of cholastealomn lisuc pro- 
Jnct (Vom the mastoid process into the andiloty meatus 14). Pmlireia- 
tion of the epiderm tVom the auditory meatus after carious deslrnction 
of the posterior bony wall. 

Fig. e. Specimen of Fig. s Been tram Above alter Bamoval of tlw 
Tegmen Tytnpanl and Boof of the Antnun (P.i.— The cavities of the 

middle ear. from the Kiistarliian Inlic (1 ) as fur as the enlarj^d antrum 
(31, nn.' filled willi a eholesteutnma In the form of a sac ; the a 
conventric layers, the central ones of which are softened (3). 
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PLATE 29. 
ng. 1. Helbod or DetacUnc tba Auricle for Um Pnrpoae or Bemov- 



tnc a ForalES Body IB.).- 



■Tliu 



H nini1<< behind the i 



.Qof 



I 



.. ._ le cartilsdinuiia portiun ot tho uuditiirj _ _ 

been puahud furwikrd it it divided at the point wliero it beging Ui betuine 
oMeoua (1). A strip of gauKe passed Bronnd tlia suriole iS] serves ua & 
rclrector. The forciKn body (3) is setu iii the oweous portion of the 
sudilury meutus. Supcamustuid crest (J) ; nuutuid fusu 15); tendon of 
nvroucluidoniBBtoid (6). 

Fls. t. Ferforatliiii Of the OortletlFortloiiof UioKutoldProMU In 
Aent« Otltti Hedlk and UaatoldltlB <B.).— The iociBian ^xa» uiade 
thruugh the higfacst point of ihe HnelUng Ijelilnd the ear ; half an ounce 
at' pus was lihienitofl. Tlio noH parts urid tlic periasleum are held aside 
with retractors; the TDasloid fusHS shows a defect filled with gnuinl^ 
fluns: 1, Tendon of Nturaucleidnmasloid ; 2, siiptami'alal Apine; 3, BUpra- 

j mwloid creat; 4, H)UHi)iiiinBStuid suture; 5. fistula iu masloid fossa; 6, 

I pueterior memiimuoiis portion of niiililory meatus. 

Fig. 3. uahM or Opanlnc %be Haabild Antnun with a, Olilael (after 
Schwartzc) (B.l,— I, Auditory meatus displaeed forward ; 2, supramealul 
tpiiie ; II, supmTuaHtuid crest; 4, infuadibiiiiforni opening in the bone 
made with a chisel, ending iu the antniiu ; a, traois of HqUDUioniasttiid 
sature ; S, stetuutlDidoniiutoid muiwle. 

rig. t. Frao OiMnlng of the Hutold Procesa wlUi a OUiel, knd 
AblmOoB of tba Foitorlor Bonr WaU of tlie AndltoTjr HMtoi (B.I.— 7, 
Pinna and auditory meatus held forward by ineaiiB of a strip of Raaxe 
passed Uirough the uudiloty mtntae ; 8. tympanic membnino with manu- 
brium ;'9, oweous portion of attic; 10. romalninji lower portion cif the 
posleriur bony whII of the auditory meutus (KUture) ; II, threshold of 

Fig. 6. Bama Specimen aa Fig. i After Removal of Tyaipaalo Mem- 
brane, Malleus. Incus, ami Oaaeous Portion of Tympanic Recass, 
Complated Radical Operation. Plastic Operation on the Auditory 



ijiftor 



lit..). 



..r r;.,- 



ith sts;>ce in the fcnrstnv vi-Htihuli, stapvdius niUBclc. 
Rineatra uochlOB ; 14. pramlncncc formed liy external ■emicirvulHr rHiial ; 
IS, flap taken from tho posterior membmnous wall of the auditory 
meatus (afU^r Kiimer) : In) upper incision ; (*) lower incision. 

Fig. •. Bxpoalng tba Duta BUtar Cororlng tbo Temporal Lobs and 
Traniroria sinus, alter Performing a Radical Operation : PlftsUo 
OperaUoQ on the Auditory Meatus after Panse, and Flaitlc Oiterktlon 
for a Batro-anrlculor Opening aner Schwartie ill.'.— 1*1, Dum msti^r 
of wrebruin; 17, Iniiitven4' fioiio; IH i.,; ii].i«.-c iimiilrilult-nil finp, (b) 
lower quadrilateral lUip from auditor)- nir-;ilus, bIIit I'anse ; IB (o) "i 



ftap, (i) lower flap fur 



the 



[ular phistic opemtion. 



ScGwartie; 2(1, anlorior portion of suprsmasloid crest, which hoa r 
nuined Intact; SI, llatt«ned spar. 
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PLATE ;lll. 

Fig. 1- Clrcomscribea OtltU Externa. Pui ObUined by luclelon. 

Dry Cover. Blip ?roparatlon (UL'Lliylun'-liluL-i ( ■ luwij it!,).— 1, 1'oly- 

nuclear 1t-ukocylcri; *2, bijuuiiioub «pitlie1ium frciiu auditor^' menlug; S, 

Fig. i. Acate Catarrh ot the Mlddlt Bu. Bxndata obtained by 
Faracentesli (Mtiliylfut-bluui ( ■■ lOHOi (B.l.— I, Cylindric epithcliul 
ttlU; 2, »iu[)li: ■ ■ ~ ■ 



Ftg. B. Purulent TtiromboBle of the TTansverse Blniu ; Pyemia; 
Blood Obtained tram tbe Blnu* by Aeplratlon vlth a Pravai Syringe 

(CarlwICm'bsiu) (.\ UlitO) (B.).— 1, Streptoeucd. 

Fig. e. OtomyootU tAeperglUns Niger). Sectloii of Bardeiied Fungous 

Kambrane (Hematoiyliii-KOTiD) (,< 200) (B.). 

1. Myccllam. 5. Storigcaata. 

2. Froo couidia Upores). 6, Hporcw. 

\ Hyiiheu. 7. Squamous epithelium fmm au- 



IM.AT K :n . 



1 Acute OUtli 



(.vliMl ( 



[ 3. Macerated epJilGnuia, ejiithe- 
I Ital uells cuinitig uwuy, 

\ 4. BuDDd-«ell iDflltnitiun and di- 
lated Te«gcla uf cutis. 
' S. Btnitflm inucusum, nbuwiiLg 



ruuad-rvlt inlUtratio: 
pince!! tlic ejilChelium 
served. 
i. Pajdilar; 
tympani 



metdbmuti and 



I 9. Mucosa with roimd-ci 

tioii and dikttd vg 

3. Marhpd )iai>illHry i 



A. Exudalo. 

5. Tmusvene section or a papilla 
u'itb uylinilric epithelium. 



k 1. OneouH portiun ut uttiu. 

I SL Hallvua. 

I S. Inens, with dilated mnlullary 

spikCM aud eroded gurfuep; 

periwiteniii is iHivpTrd with 

gran u la Duns. 
I 4. Unoous niembraiie utidergoine 



marked pnilifemtiou uiid in- 
filtrated n-ith pUB. 
[ucudaniallenlar articulalinu : 
the ligumtuts have bei^n 
rlMtroyed. nod the grennla- 
tinn tliaiie has penetrated 
into the nrticulur cleft and 
into the Imnc. 



]. Hlicnii* luenilminc llndcrgrdni^ il. Carious twuc. 

ranrked iimlifrralion and 1. Medullary Hpnct in relfttion with 
■howiug niiind-ci'll Infiltia- mucous memhrane. 

tjnn. 5. Necrotic nodule. 
I C. Nwrotle arens on tbe nurfhre. 



Ki. QiBQular deposit. 

^. IIUMUS nieiiibratii' undcrpiiiiB 
marknl pro UCc rati uii anil 
■howing roiiudHi'll inflltm- 



PLATE 32. 
Fig. 1. Flsinre In Temporal Bone [DevelopmenUi Anonudr) (P.).— 

Left temporal bonp Been froni in fniul. TIjo tujuanjous portion coutaiofl 
one Uree cleft II) with lateml branohiw, and two gmaller clefts (2) : the 
Dpper (3i HDd anterior (4) bony wall of the auditory meatus presentaa 
cleft witb BDiooth walls. That part of the petrous iiortion tliat enters 
Into tbe rortDHtloD of the base of the Bknll prescnta nothing unusual ; 
Hymmetric clefto are Been in the right teoapoml bone. 

Fig. 3. NeuTollbroma of the Aiidltorr tnd FacUl Kerrei t?.).— Left 

temporal hone of a, deaf woman wlio benune blind anil demented three 
montha before bor death. There wan &tial paralysiti on tbe left side. 
Deutb WBB preceded by cunmlsiona and coma, Tbe tympanic cavity and 
external auditor; mcutiu were opi'tiod by means of a horizontal section 
witb a raw. 

The tympanic membrane (1), malleua 131, incna (3), vestibule [41, and 
cochlea (5) present nothing uauaual. Tbe auditory and fitcial nerves 
are converted into a ma^wlve cone that enmplelely fills tbe enlarged 
internal auditory meatus witbont beina adberent to the waliii (6), liint 
portion of the neoplasm t^t lies within the internal aoditur^' meatns 
appears to be the stalk of a tnmor the size of a walnot, Srtn in consis- 
tence and smooth on the aurfaee (7). which is clnsely applied to the pos- 
terior surface of tbe pyramid. The nerves are lost In the tissues of tbe 
tnmor, and their connection with the brain is interrupted. Nerve-flbers 
cannot with certainty be denionstrnlcd in the mleroseopic prerparation 
that is shown on Plate 36. Mg, 2. Transverse stnoB (Hi ; carotid artery 

(91 : trifacial uervo |10] ; glossopharyngeal, vagus, and n 

(HI- 
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PLATE 33. 



.. Polrpold OruinlaUoM In ObroDlc BuppiiTaUT« Otitis Media 

" r BubjM' "" 

iiiluCiuu 



Is a TulMrculax Bubjaot (Kvnuiluxylla-Eusiu) <X 60] (B.).— 



I 



]. LymphocyUs. 5. FibroblBata with blDti^ stained 

li. Liirgv muuuuuclear Ijoiiibu- )iroti>)iliisiiiic corpascles. 

cylKt. 0. NnoleiiB witb unaUinod proto- 

3. Plunu cells. plaBni. 

4. Mast-rells. 7. Leukocyte with doublcnucleDs. 

a Pi.lj'nuclMirlcukoi-ytPS. 

Tig. 3. Poljrpold Qrauulatlan With ByalUta Bodies iRutwI's purpiia- 
Clesl meiiittU.xyliii taHYimiH pi.rLc iicid, aftiT Uniinl (,-,200) (B.).— 1. 
Bu»cf» I'orpuwk's [ ft-d I. 



T\g. S. Polypoid Fibroma Spiin^iiE from a Pneumatic Osll In the 
Poiteilor Bony Wall of the Auditory Heatua (lUmulus.vllii-Krisin) 
I ■ ie)(B.).— 1. Si[iionii)ii» etiillirliuiii ; -J. finlbrlial jiroiefis dippiiiK down 
liiU) Ihv tiieup ; 3, libniua IliMLit with lit-rt' and Uien- ]u:i'iiniul]itiaua of 
lymph m' vies. 

Tig. t. Polypoid HyzoflbToma SprUislnc trom the Vail of the 
Pienumtory (Hi'mBioiylin-Eusiiil I,-, 16) ( B.).— 1. Sqiianj ' ' '* 

with smnll pu|iiUip; 2, luyiufibrous tlBnuc wilh vcsseU 



PLATE 34. 
Fit. 1' AcnM HasloldltU and Parlostltla Following Scarlet Fever, 

From a Cblld Fire Yaan of Ak* I UemaUiiylin-KiMiii I (^ t!l)| <B.|.— 1. 
PcrioBteutu shuwiiig puruleDl inflltrotion: 2, cortical portiua of mastoid 
procem; 3. HaveniaD canal tilled with iniraleiit graiiulutioii tiiisuc ; 4, 
mastoid cells: the lining mucous memlirsDe abowH markGil iirulireralion 
■Dd purulent iiillltmtioii ; al (5) it tucniachis dd the bone. 

FtK- 3- Chronic Bappuratlve Otitis ; ConnectlTe-tUaue Orowth In tha 
Hutotd Cetls I 131 d',),— I, Ruiic; 2, pntuiimtic edls filled with ton- 

1, CXIIiUlt.'. 

a Acute OtltU In ft 



, EKteTaal PBchymenlngltlB AccompatirlnB Chronic Buppuia- 
' ~ TlsB of the TegmoD Trtnpanl : Oranulatlons Trom the 
Dura Uatcr Project Into the Trmpanlc Cavltr thiough an Opening in 
the Tegmen Tympanl i Ki'mLit'iiyliii-ivi-iii i < - i>ii) ( I].). — I. liiini umlrr 

_ . Purulent PhlebothromboBlB of the TranBverae SlnuB IPyemiftK 
Carles of the Hastold FrocsBs Accompanrlng Acute OtltU Media 
after Diphtheria, in a Child Three Tears of Age (Uvmatoxylin- 
Goain) |x HI fU.). 

1. Bone with cnlariifd HavcT^Bu 3. Wall of the slnua showing 

canals filled with Eraunlat- round-cGll iiiflUrBlian, and— 

iug mucous memhrnne. 4, Minute abscrBsfs. 

2. Eitriision nf the BramiUitiotin S. Parietal tlinraibiis in process of 

inl" the wall of tlii- sinus. purnlenl diBiutCKralion. 

1. Fnnklent Phlebitis or the TroDBverae Blnus Accompuirtnc 
Chronic Otitis Media (Pyemia) (Hcmatoxyliii-Eusiti) (.-. 2li) {B.|. 
1. Pnnilriil thrombus. 4. Portion "f ttlnns wall contif;- 

S. Fibrluoaa depoxibi. uous In the thrombus show- 

3. Normal siuui wall. log purulent inSltratian. 



Tah.JS. 
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PLATE 3 5. 



1. Atnijihic eiildenu. S, Eulargrdhair-fullicle filled with 

9. Cutiii. litj-i^rsur bum; tlMue {cho- 

3. Brctioiu nf liair-fulliclM. IcHtcsloma). 

4, Homy layer. 

Fig. 3. Bl«phMiUftllB and Hyperkeratoila tPacbydermatocFle) t^om 
tha Leg ( ■■ 1N| (llj, 

:i. E|>i.l(.-riii. 

4. I'oarU uf boroy liwiie. 
6. Uj'p*rlnn>tii( rutifl witli inflam- 
Ustween Iwo pnpilto. iimtiirj- foci. 

Flf. 3. HyparkaratMl) AccompuiylnB BlaphintlMia ( >: SOO) (B.). 

1. CiiUa. *. Homy layer (platas without 



!. Riinminn or t.vnipuuic nifiii- Iu'Ai) covered wittl ppldenn. 

branp. S, Mucuua membrane of tlie tym- 

3. Fnilircnildig point at the ii]i|>er panic cavity covered with 

border of tiic prrforation, cpidonn. 

Tie- B. Hucooa Membrane of the Tympanic Cavity Coverad wltli Bpt- 
dann; Hyperkeratoila Accompanying Cbolesteatoma iHumaloi- 
ylin-Eiinini ( • :um ill.). 
1. ('ul)ii. 1. Layer uf jjrauular cellH. 

i. Rote Malpigbii ; Invvr wf utUii- .">, H.iriiy Uver (livpertrophid) 

drical ccTlx. (cho1t«(culonin laiiu'lbe). 

3. I^yorof prieVl<i c:ell». 

n*. e. ObolMteatoma or tb* Haatold Frocaai. Bactlon Takan from 
the Body or the Tomor ( Uenuktoivtin) ( < SIKit i B.).— <.^>nipnrc Fl^a- -i 
■ad li, Figa. I, 3, and 6. 



PLATE 36. 
ns. 1. OueUomk of the CocUaa ( ■ S) laee Pl»» 23, Be. 1) (P.)- 
1. Apex of the cuclileu luid upcu. i. Oiui 



2. Lamina spirellH with artifivii 

perforation. 

3. Cnucor <%1Ib iu the wala tyn 



uellB ia tbe saila ves- 

5. Cancer celb In the «cal> tym- 

psui (luwsr turn), 
fi. Cancer cells on tlie lanilnabiull- 

aria (a]ura1i^ membnuuKea). 



ng. 3. K«aroflbToni« of tl 

{X 100) IP. Rl.— Sci> I'lale ;i 
spindle-colls (nervp iiuck-i (tt! 

Fig, 3. OonnecUve- tisane Orowtb in tbe Attla FoUovIhk Chronlo Bop- 

pniatlve Otitla Media (a ») (1'.). 

1. Ohscoiis pcrli.iii (if allk-. a FihroU6 tisBUi 

2. Mcdiiiii bniiy wnW. 1. i'yMk space. 



. McmbraniiUB scmiciivulnr canal 'i. Exudate ia the 
with papilUe ou the inner apaci'. 

surface ; exudate within the 3. Connective tissue 

lomen. 4. Thickened porti 



perilympbatla I 
in a of periol- 1 



1. Connective tisane in the amia bundleH 

trmpaiil. Branuhir 

2. Exndate in the acala veHtibuli. 4. Bosenlhal's 

3. Lamina spiralis with jirolifera- Kranolar 

tlon of the epilheiiiim of 5. Ner»e-fiben< 
Corti's organ ; the ncrvc- 

Flg. 6. Exudate In tlw Oooblea altar Fracture of thi 

(X 7) (P.). 

3. ThlckoninK 

4. Modiolus, 



canal filled with I 



• '•^'••^^'^a.nm^-mt. _ ,w..b^^— 




•f ^/ftii^iAiafa A/wrAi-ii 




Fig, a. OtlClfl Interna Accompanrlns Cbronla SuppimUTa OtltU 
HedU. Ferfaratlon Uiroagli the Feneitra Into Uib Labyrinth. Henln- 
fltla (Hi'iiiatiizylin-CoHiu) I ■ llil <B.i,~l. UcmorrluRe in maht tyiii- 
{MDi ; a, BeropuTiiletit pxiiriate in staIu tympani ; 3. round-cell inflltntinn 
of KoHUtfaaVa pingHcm. mid 4, uf tlie nerse-flbont of the ciwhleflr por- 
tton in the lambui spiralis mHuibrnDaceti Bud tbe contigUDUB part iif tlie 
(S1 1 inn men til m spirale. 

njt. 3. Cottiiftollve-UiBne Growth In the Snperlor Bemtelraiilar 

Canal in Leukemia iX 1H| IP.).— 1. tliiny BeniiHrviilHr iwiml : 2, mviii- 
hniiujin ai'inU'liTiilur ranul fllli'd willi lyniphiH'yl.-j ; S, conniiitiVG liwiie 
I'liiiliiiiiinK bliiiKl-vi.'4«-]H iu tliv perilymphHtio >|iiu'l'. 

Fig. 4. Hew Ponnatlon or Bone In the Ooehlea lo Lenkemla (x 8) 

thHl'nranal ; ;(, aww bone funiiatinn In the koiIh t<yiii|iilnl iif the lonci 
tiim of the cnnhli'n; 4, nev/ ]n,ne r<irniii11iiii in hnth si'nlar. 

Ft|. B. Destruetlon or the OanKllon Bmnli In BypbUlsIX 30) iT-l. 



— 1. KiMunthul' 



1 Htlnl V 









tig. e. Atrophy Of tbeaangUonSplnJelnaDaar-mntttx 20»<F.). 
—1, KnMiiilml'B i-uuul in pun dtfcK^tivu; iBu1iib.il I'dls; S, nmaina of 
nervB-flbare. 




PLATE 38. 

1, Korm&l DrumlieEuI(RlBbtjft'Om an IndlvldiuJ Ttlb Homwl Power 
of Hearlns |1!.). 

3. NDTmai Drumiieail tLelt) Sltoifliig Uie ArtlanlAtlon Batween tlu 
lucn* and SUtpet, tba Promontory, and the FonsEtrk Kotunda.— From 

a iHiilermuki^r furly yeUT^ of nge, wliu was hard uf btturing. Whiapcred 
coQTiTsaliun not heard od the right siili: ; on the left, liettrd close lo the 
lar, liiiiHi- iKititive. StliwaliKOi ehiirteiini. I'jiper lone limit diuiiiiisli^d. 

3. Honnal Dnunbead {Rlgbti wttb tbe Bulb of the Jognlar Vein 
Bhlulng Tbjougb. * 

4. Two Spberlc Exostoses on tbe Posterior, and Ona on tbe Anterior, 
Bony Wall of the Auditory MeatUB.— Tin vijidr ilrmiihiaii was iioiraul. 

5. Cbronlc Serous Catarrh of the Kiddle Ear.— lietrartioa of the 
dniDihvaU with acvuniulitlinii i>f AeruuK i^xiidaUr iu the tymjiunk cavity. 
The level of tbe exudate lie« iu front of tlie umbn. From a QfleeD-yeai^ 
□Id buy tbu siililcut uf revurrent attacks of ealarrb. Whispered conver- 
sation beard at i m. Biuoe partially negative up to c. SchwBhach pro- 
louited. 

6. Aonta[Satoni)CatanborUiaIIlddlaEar.—AcouiiinlBtiunuf serous 
oiudattl iu the tympauiv cavity, Lcvt'l of uiudato below tbe munabrium. 
From a man thirty-two years of age tbe Bubject of eoryza. Wbispered 
conversation heard at 3 m. Riniie piirtiHlly negative up to e. Weber In 
the diseased ear. Hchwabarh ]>rulonged. Upper tone limit nonnftl. 

T. Obronio Catarrh of the saddle Ear (Catarrhal Adheiioui. — Re- 

traetion of the drumhead with promiueuce of abort proceta of tbe 
malleus, nnd furcabortenlne of munubriuni. Marked posterior fold in 
the drumhead ; punctate reflex in tbe antero-iuferior quadrant and in 
Shmpnell's membninB. Knim a nian twenty-seveQ years of age the anb- 
joet of hypertrophie rhinitis. Whispered converaalion bearf at 1 m. 
Binno partiallv uegalivo up to e'. SchwubHch prolonged. Upper tone 
Umit normal. Cello p,«itive. 

B. Chronic Catarrh of tbe Middle Bar: Adhesion of Shrapnell'i 
Kembraae.— Marked retraetiun of tbe drumhead. Tbe mannbrlum 
appeara bo (Ercally foreshortened that its extremity lies on a level with 
tbe ahort prorpHt of tbe malleua, which ia very prominent. Harked 
posterior fold in the tympanic raeinhrane. Light reflex dirtorted. Shrap- 
nell's membrane adherent li the neck of the ijinlleus. From a man 
thirty-five years of age who bad betn hard of hearing for four years, and 
a HufTerer from chronic rhiiiitia. Whiapcred cmversation besnl at 30 cm. 
Weber in left ear. Rlnne partially negative up to r". Schwabach pn>- 
longed. Upper tone limit normal. Gellf pi«itive. 

•. Ohronle.Catarrb of Oo Hlddlo Ear tOatarrbal Adhealonil.— The 
drumhead Is opaque and milky, with n more iolvnee, semilunar interme- 
diate npacity in the posterior half. From a woman flfty-two years of 
age who bad been hard of hearing foreight years. Whispered oonversa- 
tion heard at 30 cm- Weber in right cur. Kinne partially negative up 
to «'. Schwabach prolonged. Uppi-r lone limit norninl. Gollf positive. 

10. Chronic Catarrh of the Wddle Ear: Calcareavs DevoelU.— 

Drumliead opaque: calnnrenus deposit in front of mHOiihrinni and in 

Clenisuperior quadrant. From a man Ihirly-two yeara of age who bad 
n bard of bearing for eight years. Whispered converaation at 1 m. 



1 

J 
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PLATE 88 (Conlinwd). 
11. OhTonle OiiUiTh of ths UddlB Ear: Ckluxeoui DapotlU (Har- 

TOni DaafllMBI, — Drutuhifiul n]iikc|Uc: htireusbue-Bliupeil culutrtous de- 
|Kjsil. l'>ijtu a wi>ii]un Ht't.v yinvrs iif a^e who had bci'n hnrd of beftriug 
ibr U'U ymrs. Kimii^ partinlly iitRative uji tu c, WhiBi>cred tutivoraa- 
tiun heurtl nt i m. Wi'twr iu heud. Duratiaii uf iwiiud perccplioti frotn 
VeHe» sliiirtuued. UpiH:r.toiie limit reduced. Gollc positive 

U. AnkyloilB of tb« BUpei (Wltb PKrtlal Hervoni DmAmm).— 
Normal riglit drumhead. ISeliiud tliL' muuubrium the hypi-reiuic prom- 
onlury shinca througli, Fruiri a woman thirty yeam of age who had 
biwD liard of h«&riug for (eu ye»rs. WliisperedcoDTCimtion heard cton 
to the ear, Rluae abgalulvly and totally ut^ative up to c' inclusive ; C 
heard ouly througli the bouc. Wcbcr in the right ear. Durallou of 
Hound pcrveption from vertex ahorteued. Upper tone limit reduced. 
U<9ll£ pneilivij. 

13. Amite Kyrtiicltii. — VeaivlE ud the iioetfriur half of the dnim- 
head, which Is reddened aud presents amall hemorrhftgeji in the autero- 
infurlur nnadmiit. From a man thirty yrara of bkc The afl'ection 
deieluneil aft«r the entrance of water into the ear. WhiBjiered conver- 
■atiun heard at S m, 

14. Ctironle Orannlar HrrlnxltlB.— Small gratinlEs on the apper half 
of the druDihead. Tin- nii'itibtanc iaotiaque. Prom a man twenty-three 
year* of uge. WhiEpcrecl converrollon hoard al 6 m. 

15. Tranmatlo Buptnr*.— The anterueuperior quadrant of the drum- 
head presents a perforation with hemorrhagic edgea; punctate hemar> 
rbagra In the immediate vicinily. The tynipanir mucous mombnuo U 
of a pale-yellow color. Tho patient, a man twenty -eight yean of a^ 
had his can buied from behind three days ago. Whispered cdnveraation 
heard at 1.5 m. for bigh-pilchvd. and } m. for low-pitched, words. RiDoe 
pirtially negatiyc lo r'. Weber in the right ear. Schwabach prolonged. 
Upper tone limit normal. 

U. Tranmatlo Bnptnra with Lattyrtnth Dlseu*.— Perforation with 
bomorrbagic edges in the lower half uf llie drumhead. After a plug of 
remmen had Kin removed the nicnihmne wnk found to be hyperemic. 
The patient, a man thirty years of age, had his ears boxed three daya 
before. Whispered convenatlon heard up to j ni. The ticking of ■ 
watch is heaii] close to the ear, but not when applied lo the mastoid 
procne. Biune partially negative up to f. Welu-r in the loand right 
ear, Schwabach shortened. Upfier tone limit diminished. Gaps in the 
scale. 

IT. Blmcle AcDta Otitis Kedla.— Injection of the radial vetsels and 
<rf the vessels of the manubrium in an otitis media developing alter 
acute middle-car ciimrrli. The patient was a man forty yean of age ; 
the allack was broirplit oil bv a Rumian bath. 

IB. Blmple Aonte Otitis ItBdU.—The manubrium is indistinct; the 
epidermis is iiiHficmled ; llie drumhead is IiOecled and the surface irreg- 
ular, From a man thirty years of age. The condition, which followed 
ail Httai^k of Hiigiiis. had laslcd three days. 

IV. Ilmple Acuta Otitis Kedla.— Ecchymosis on the reddened dnim- 
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PLATE 38 (Confimied). 




h Hrparemla of Ula Labj- 



SO. Acute SuppnimtlT* OUtli Mailm. >1 

rlatlll.— Vrsicular hulginK of the ihbUtwsi . 

html. The manubriuia is out viiulile. Eixhymi.iies are aeea nil Ihe 

realilenvd mFDibniie. Fnim a tnrl eighteen jt»n ut age. The condiliua 

developed on the siwinid tUj uf ui attack of inUnvnat. Whispered con- 

veisBtion heard »t H lu. Kiune pArtuill.v oegative ufi tv C. Weber id 

the diseased f«r. Srhwalwh mmeiThal prolonged. Upper toue limit 

reduced. 

31. AcnW SnppunUve OUtU Media.— rhiskv red bulging of the pa«- 
U'riiir half ..f ilie rtrumbfud. Th^ nmniibriuiu 19 obatursd. The I'ondi- 
lliiu developed in a boj tnehe rears uf age after an attack iif sure 

13. Acnle BappurftttTB OUUi HedlA.— Villuun bulging ot the pBlero- 
BUperior quadniiil of the dninibeiul. A dmplet uf pus exudea Ht the 
ajwx. MaDubritiiu not visible. Developed iu a ubild five ywia of age 
■her au acut« attack of roryn. lulcuoe wppurstian with giHt aenii- 
tlvenea to pmeure in Ibe mastoid prmiaiB. Becoveiy in eight H'eeki. 

S3. Amtto SnppmUve Wtli MedU.— Diffuse reddciiiug of tbe drum- 
head. The nutnubriuiu is uot viMlilf: lh« autero-inferior quadraut coo- 
laina an ahn;e!ai. DeTeluped in a buy eleven fears of age after coryot, 
three da.vs bef'ire tbe appninnee nt measles. 

34. AenM BttppuTAtlTB OUtla ISadla.— Drumhead reddened ; the only 
partR of the mulleus tbal are visible are the abort procjst and tbe upper 
portiun of the manubrium. Tbe autero-inferiur luwer ijiiadraat cnn- 
talns ■ pcrfomtion the sixe nf a hemp-seed, and shows pulisating pus. 
The condition developed in a m»u Ihirtf-two yeats of a|;e on the twelfUi 
day after inaueoBL 
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FLAT1-: ;!!l (B.). 

1. Chronic SnppuraUve OUtl* Media.— Dm mliei 
tnictvd ; ruiiiiil pvrrunttiiti l>«liin<l thu iimbu. Muc 
tynipauit' ukvlty reddeniHl. Hulo, furt; yruTa of osi 
existed four yean. Whisporeil EunverHitiuu heard 
II m. Binno abaoluto and partiullr negative up to c'. Wulwr in ths 
right car. 8chwa1ittvli proluugtil. Upiier tone liailt nomial. 

3. Ohzonlo BnppDr&tlTB Otitis UatUa.—Small rFoifunn perfuretion 
beluw Ibv linntllp o( llii- nmlluus. UqiIhi pn^ecbi iotn the perforatlou. 
In the po8teroiiti|ieriur quadraut the articulation bet*rt«D the iueiu and 
Binptw is viaililn. Boy, twelve yrun uf age. ttuppuiatlun haa eiisted 

). Obronle BoppnrgiUTe Otltla Media IBxaeerttaUon).— Renifonn 

IierTonitlun with ({TamilHtiiiK cclKes Iidow tllt^ handle of the niallcuB. 
MucoUB tntimbrane of lyui|iuiiL[' I'uvity reddenfd. Femulu, thirty-five 
yearH of sue. Sujipunitiou csistvil diiriug cliildliood, but cenaed yean 
ago. Six week* bko, aflrr » bath, thi- nuppuiution reappeared. 

4. Ohronio SnppnnUve OtlUs Kedla.— Large renirorni perforatloa 
beluw tbe handli.' of Uie innlli'iin. (iirl, twelve yean of age. 8uppni»a 
tion after mcanles in the wi/ouci year. 

B. Ohronle SnppnTiiUveOtlUaHedla.—DestruvtionoFallbutauarniw. 
porlplicntl Btrip of the tyiniisiiii: nicmbraue; the handle of the nallMW 
pr^jccla Into the perfnntiuii. In the ]KMteraauperioi , 
tlie artieulatian belween the iuous and (h» Blapes ; In the paBleru-infeTlar 
quwlmnt the oiurgin of the ftneatra i:ochle(e. Itlale. eiKhtecn yean of 
ago. Blippuratlon began Ihrpe ypara ago after wairlet fever. 

t. Ohronle Bappnrfttlve OUtU Media ICbtIm of tha Inom and Floor 
of tha Tympanic Cavity l.—t>eatniel inn of all hut a narrow peripheral 
atrip of the tymiinnii' mi-mhrauu; eitremity of the malleus ia adherent 
to the iiromont'jry ; in the pimtcnwiin'rior i[uiulnint the bead of the 
ntajiea is teen ; the Iuuk liriK'iiw nf tUu iiieua ia wanting. Small granula- 
tioiiB are seen on the tluor nf the tympanic ravily. Female, twenty-four 
yvats of agt. Aural cliwhiirjie simn? rhilrthiiod. 

T. Ohronle BnppnratlTa OUtla Media iBuidle of MaUoni ; Oarlaa of 

InotU).— Nothing roniHins of the tymiintiic mciuhrane but Shnipnell'B 
meiuhrHno and a short Btnmp of the mBllciiH. The hnncllp of the umIIrUI 
and the long proeem of the infua have been dentrayed. In tlie puslcro- 
infeHoniUHdrant the margin nf the feuevtra rotunda, and ■□ the pmit/im-, 
' ant Che head of the Blapea. are ceen. The long prorcnof , 



the 



i hloo 



1 is 



luppiira 



lory from beluw npward. PoBtsmrlaliiial 
Btanding. 

B. Ohronle Bappnratlva OtltU Modia (Cartea of tba Tympanle Oar- 

llr).— ToMl ^ibxoni-e of the tympnnir nienib rune, the mallenn. and the 
IneuH. (IrauulHtiotiH i>n the tloor of the ruvlty. In the piisterueu|icrioT 
igiiiHirant the hcnrl of the stiipca. und iu the poal«ra-iDferior the margin 
nf (he fenenlrH n.IiiMila. nrc seen. r<iMicaTlalliiiil anpininilion of (ineen 
years' >ilandinE. 

a. Ohronio BnppnrailTe Otltla Media. Polypoid aranulatloni ( Carle* 
orthaMaUentandlnana).— 'ifihR irmpiinii'menibmnn nothing remains 
hut Shtapnt'Il't momhmne nnd ii email nminanl •>( iLu umlleUB; the 
handle of Ihi- inalleui h pompletfly dextm.vtHl. On thn pnstprinr half 
of the wall iif the lympanie cavity there Ib a spherie pnlyp with hniad 
baae. Male, thirty years uf age. Runniug from tbe ear aiucevhildhood. 



I 
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PLATE 39 (Omtmiied). 

10. Obronlc BuppnTtUva OtitlB Hedla. Folrpold QrumlAtlont 

(OMiesof Ui» HAlleuf andlncn*!.— Nutbiug rvniHinB nf tlie tymianiu 

mrinbrano 1>ut Shrapnell's niBiiilimue aud a nmnaiil or the mulUiis. 

The hundlc of ibc mulleiiB is ciiiupli'tely deBtroyed. In the p«tero- 

- .. ■ ■ ' ■ 'b nw-Totic and 



lirojfc 



othei 



vity. Theni 



liuiii){ the tyiDpaniu lutvity m covered witEi iiiinieruuH grHnulationa. 
Girl, blgliU^n years o( age. The uurai diacbur^ vume on after dipti- 
ttierla and has eiisted one year. 

11. Olironle SnppnraUT* OtttU MedU ; Cboletteatciina land Kervona 

DeafiiMa).— The ilniDibead Udestniyed eii:i:pt for a iisttow periphenl 
strip ahove aud iu front; the Mump of the malleus Ik adherent to the 
promonUiiy. The mueoua membrane of the lynipmiic cavity i» ciirered 
With epiderm, and in its punteru-infcTior portion witli grsnulutlons. 
Atwve and t>eliind ohuleHlealomHtouii tnitHsps arranged in layers prujeet 
frum the pasrafie into the antrum. Femaie, tliirty years of age. Has 
had ruiming of the ear siucc chlldbocKl. Whisiiered cimvenoilioa inaud- 
iblif. Ordiuary couversatiuD heard ut n dislauee of i in. Rinne abeulute 
aud partially negative up to c'. Weber in the bead. Scbwabacb JK^ 
lunged. Upper l.ino liiutc greatly lowensl, 

13. Ghionlc Snppur&tlve Otltl* Media.— Entire sltsoDre of (he dram- 
bead, malleun, anil incus. The mueoua membrane of the tympanic 
cavity is cuvenid with epiderm except for a few granuhiliug areas. 
Woman, sixty years of a^e. Has had aural discharge since childhood. 
Whispered conversation inaudible ; ordinary ronversBtion heard at } m. 
Rinne absolute and partially negative to r=. 

13. ObTDnlc SupptiratlT* OUtta Hsdla. Double Perfoiatlou.— Per- 
foration in fronl of aud Wbhul tli. !i:iij<lli' .if ilir iuhIIcus. I'atient was 

ial«i] three mntilh.i. 

14. Chronlo Buppuratlve Otitis Hedla. PerforaUoD In Shrapnell'a 
Hembraiie (Carles of the Iocubi.- Minull )>i-rr'i ration hcUind iind alwve 
(he Hunill priH-eAs i>f th<- nmlleun. Ikliili'. twenty yc»r>^ of age. Aural 
dim'hHrge aiini^ I'liiUUiniMl, 

IE. Chronic Bapporatlvg Otitis Hedla. Perforation in Sbrapnell'a 
Kembrane. Polypoid Grannlatlons iCarles of the Attic).— Perforatiou 
above the sliurt pror«aK of the malleus. Uefcrl in the oaseons portion 
of the attic. A spheric polyp projects downward fmm the defect in the 
biine inUi the perforation. Male, forty years nf age. Aural discharge 
since childhood. Whii<pered conversation heard on the right side at 
1{ HI. Kinne partially negative to r^. Weber In the diseased ear. 
Schwabacb pmlooged. I'pper torn- limit norma!. 

15. Obrottio BnpptiratlTe OtltU Media. 01iolast«atoma-— Destruetiun 
of Shrapnell's membrane and the usseons porlion of tbe attic. The 
cholestealflmaloiiB masses pnyect fmm the pcrfornlion into the auditory 
meatns. The drumhead is opaque, and graniilatiuns are seen at the 
handle of the malleui:. Woman, thirty-cigbt years of age. Aural dis- 
charge since childhood. 

IT. Bomaln* of a Chronic Bnpporatlve Otltla Media. Drr Perfora- 
tion.— Ren I form dry pcrforBtion. Itebind and ticlow in the openiug of 
the perforation the margin uf the fenoslra rotunda in visible. A bluod- 
vessel pawies over the promontory. Female, twenfy-tbree years of age. 
Had aural discharge in her nineteenth year. The discbarge ceased two 
years ago. 
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IB. RemainE of & Cbrsnia anponraUTB OUUi Media. Dry Perfora- 
ttoQ. DaloaxBOas Sepoalta.— lu Ibe postenwiipcdor iiuodraat a perfura- | 
tion in which the murgin of tho reneKtra nitiiudn and the articulatlOQ | 

beCwuea the incus and stapes niw visible, Iii Truiit and ubove a reinl 

of dmmheiut runlaiiiitij; caliiirMius deposits. Male, twenty-four years of 1 
age Had aunil discharge flflevD yuan ago. 

19, Kenulna of a Cbranlo BnppnratlTa OUtlE UMlla. Adherent Gluft' 
trll.— Drumhwiil rctratled. In the aotpro-inft-riurquiidnint a siaitudhe- 
ivat to the wall of the promunCor}'. Fi'inale, twenty years of age; Bitral 
dmharRC during childhoijd. Whispered couvermnlou heard at I in. 
Riniie partially negative up tn c', Weber in tbc right eur. Scbwahacb 
pnilougpil. Upper Uine limit niiTmal. 

50. Bemalna of a Otaronla BitppnrAUTe OUIU Wcdla. AdlMront 
Cicatrix.— Of the handle uf the mallciis only [be Hhorl proti'SK is visible. 
The anterior half of the drumhead oontuins h depn^Mcd scar ndhurent 
tfl Ihc oiipoaite wall of the lympauic <»vity. Feuiale, Cwuuty-tlve yean 
of age. Anral discharge in childhood. 

51. Banuiiw of & Chninle Buppurattre Otltla Media. OaloarMiu 
D«pailts. CloatrUc. — The anteroeugierior and piwlerosuiierior quadraata 
contain culcHreouB doposils. Below the handle of tbo QiAllena then: is a 
retiifumi, slightly movable scar. Male, ftftj years of ago. Aural dii- 
oliarge iu cbililliood. Whispered I'un versalion beanl at 2 m, Binno 
partially negative np to c. Weher in the head. 

3a. Ramalni of a Obronlij annnmUTe Otltti HmUa. Adherant Olca- 
trlMl.— The drumhead distorted by cicatrir. The handle of malleMS 
immovably adherent In promontory. Female, thirty years of age. Aunl 
dimhargc 111 rhlldhood. Whispered cunvetsalion inandjble un the right _ 
aide, Onlinai? run versa tion beanl at 1 ni. Rinne absolute and totally I 
nc^tive. Wrbnr in the right ear. Schwahach prolonged. 1 

S3, Benutlni Of a Obronlo BiippnratlTa OUtia Kedlk. Cicttrlx ind 
OaloarMaa Dapoilt.— A crescent-shaped ealcnreouideputilt surrounds the 
handle of tbe malleus. Above and behind is a cleatrli loosely adherent 
to (he Uiiii'. so tbut the margin of the fenostm rotunda nnd tha articula- 
tion bc!lweiin the luciisand stapes are distinctly seen. Female, twcuty. 
four }'«irB of nee. Aural diw'harge In childhood. Whispered unaverw- 
tion heanlnl U m. 

%*.. Scat tma. Pig. IS aftai Politier'a Procedare. — Vesicular bulging > 
of the Bcur. The clianiclerislic piiiula on Iho inner wall of the tymimnM 1 
cavity have disappeared. Whispered cunvereation heard at U m. 



ANATOMY AND PHYSIOLOGY OF THE 
ORGAN OF HEARING. 



I. ANATOMY. 

A. INTRODUCTION. 

The organ of hearing consists of two main |X)rtion8j , 
lodged mostly within the temporal bone: 

(a) The sound-Ktonduction uppuratue; (b) the sound- 
perception apparatus. 

The coudnction apparatus is composed of the external 
ear — the pinna and the external auditor}' meatus — and j 
of the middle oar — the drumhead, the tympanic cavity, 1 
the ear osstoleH, the Eustachian tube, and the mastoid j 
process. 

The perception apparatus is composed of the internal ' 
eat — the labyrinth, the auditory nerve, and the central 
nervous organs. 

B. MACROSCOPIC. MICROSCOPIC. AND TOPO- 
GRAPHIC ANATOMY. 

(Ai THE SOUND-CONDUCTION APPARATUS. 

I. Tilt' auricle, or pinna (we Fig. K!, Phuo 16), is a 
reflection of ^kin <)Ver a framework of yellow ela.stic carti- 
lage, (^n the posterior aspect the finger sinks into the in- 
terval Iwtwi'i'ii the auricle and the skull to a depth eqnal i 
to half the width of the car. The pinna forms an angle of 
45 degrees with the head, the upper extremity presenting 
a slightly backward inclination. Its level is indicated by 
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horizonUiI lines extending Itiickward from the eyebrow 
above and the tip of the nose below ; its posterior insertion 
corresponds to the sqnaniotnutitoid suture, being mtiiated 
15 mm. behind the suprameatjil spine. The auricle cou- 
eiste of two cartilaginous rings covered with skin — the 
helix and the antihelix. The helix begins in the concha 
auriculie ; the first jmrtion is known as the cms helicis, 
and divides the concha into two portions: the ecaphoid 




Tia. 1. — Cartilage of left ear. witb muscles. Front view (miualbs after 
Bchwalbe): I, Kuppriur uuricular: 2, anterior auricular; 3, musculug 
faelldg mqor ; 4, musculus belicis niiuor ; 5, mascalus tragioas on tbo 
cartilage nf the tragus; t), muRoulus antitragicus; T, spiiut helicis; 6, 
caoda helicis ; 9, fisaunt antitrnguheliciuK. 

fossa above and the cavum below. At the beginning of 
the helix there is a subcutaneous nwlule, tlie spina helicis 
(Fig. 1) ; below, it terminates in a process, the cauda 
helicis, which is separated from the antitragus by a cleft 
closed with connective tisane, the fis.'iura antitragoheliciua. 
The antihelix is formed by the junction of the two crura 
of the antihelix, which are separated by the triangular 
fossa. It begins in the upper anterior portion of the 
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Biiricle and occupies a dfcpcr level ttian the helix. The 
hulluw between tlie heiis anti the aiitihelix is known ns 
the scaphoid fiiasa (scapha). Behind and below, the anti- 
helix forms a prominence known as the antitrague. Op- 
jMisitc this, and sejmrnled From it by Ihe incisura int^rtra- 
gicii, is the tragus, wJiieh overlaps llie month of the ex- 




Fto. 2.— Cartilage of the kft oar with lutiH'les. Rcnr view lniu«clea 
kftur Bcliwulln-): 1. Sii|mrior uuricular; 2. diuhcuIus ublic|iius uuriculur; 
3> »ut«rKir saricaUri t, piiatvriur Burlcular ; .'i. tninaTtraiiB auricula; 
0, «plua hvlieU; T, cauils hvlids ; 8. carlil>K'iiuus lurtioa of itudiU>iT 
m«mtui with thu two nsiturt« or SuiCoriui; !), iriuogular priKMias', 10, 
cmineutia concbce : 11. poiiticiilus; 13, emineuCiH fuaan aurlcularli 1 13, 
Indinm tennliialta; 14, flMUra autitrngaheliciuu. 



t^nial uitditory nioattis. Tiie lowest portion of the auricle 
is formed by the lobe, winch mjitains no cartilage. The 
Pfninvncra and depn'ssions on the external ur lateral uod- 
eiive surface of th« auricle correispond to depreeeious and 
elevatioDS on the inner or median convex titirfuce, which 
b«ir the same names (Fig. 2). Thus we have, eorre- 
I spoadtng to the onter concha auriculee, the eminentia 




concliie on the inner siirfaci^ which presents a ridge 
known as the ))onticuliiB, The tiartilogi; in attachtxl to 
the skull by means uf ligiimcntH that are contiutious with 
the perichondrium of the anricle and of the auditory 
meatus, and with the periosteum of the temporal bone; 
above, to the squamous portion (superior auricular liga- 
ment) ; in front, to the zygomatic process (anterior auricu- 
lar ligament) ; anil behind, to the mastoid process (pteterior 
auricular ligament) (Plate 4), The muscles are derivatives 
of the platysma myoides, and. like the latter, innervated by 
the facial nerve. On the outer surface are attnched the 
helicis major and minor and the tragicns and anti trngicns ; 
on the inner surface the transverse auricular and oblique 
auricular. Elevation of the auricle is effected by con- 
traction of the en|>erior auricular (attolens), which is, as 
a rule, very imperfectly developed (origin, aponeurosis 
of occipitofrontalis ; insertion, upper portion of auricular 
cartilage). Attraction is performea by the anterior auricu- 
lar muscle (attrahens) (origin, aponeurosis of occipito- 
frontalis ; insertion, helix), retraction hy the posterior 
auricular muscle (retrahens) (origin, mastoid process; 
insertion, ponticulus). 

Histolog7. — The auricle is composed of a [ilate of elastic 
cartilage rich in cells and covered with perichondrium 
and an investment of skin. On the outfr or lateral 
surface the skin is immovably attached to the perichon- 
drium by elastic fibers; at this point the epiderm (stra- 
tum corneum, mucosum) is thin, the corium contains 
small papilhe, and the subcutaneous laver is sparingly 
supplied with fat. In the neighborhootf of the incisnra 
intertragica there are a number of long hairs and some 
sebaceous glands. On the inner or median surface of the 
auricle the skin is movable, the epidermic layer is some- 
what thicker, and the subcutaneous layer is rich in fat ; 
it is covered with fine soft hairs and contains sclxiceous 
and small audorifertius glands. 

a. The external auditory meattiB (Plates 3 and 4) 
is composed of a 6hroi.'artilaginims and a bony portion. 
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The cartilaginous portion is the continuation of the 
auricular cartilage (see Figs. 1 and 2), the boundary 
being marked jxisteriorly l)y a clefl known as the inci- 
sura terminally. In front and below, at the tragui^, the 
iViricular cartilage gradually develops into the I'artilagi- 
DOU8 portion of the auditory meatus, which is open t>ehind 
Hud aboye, the canal being completed by fibrous tissue 
oounectetl with the posterior auricular ligament, The 
cartilaginous and cutaneous lining of the auditory meatus 
is loosely attached to the smooth upper border of the 
bony imrtiou of the eunal, but the union with the lower 
roughened border is more firm. The extremity of the 
cartilaginous portion of the auditory meatus is drawn out 
to a point known as the triangular process. In front 
and below, the cartilage of the auditory meatus contains 
two clef^ covered in by fibrous tissue : a longer lateral 
and a nhorter median clel^, known as the incisune San- 
torini (pus-channel to articulation of lower jaw and to 
]i&rotid gland). The cartilaginocutaneons portion of the 
meatus joins the bony portion, which merges into the 
temporal bone (Plate 1). (For further description of the 
auditory meatus see under 3.) 

3. The temporal bone, which lodges the oigan of 
hcarinfi, is composed of three portions (Plate ]), readily 
scparate<l iu the new-liorn : («) The niiiinmouH portion or 
squama; (^i) the h/mpdnic portion (annulus tympanicus) ; 
and (y) the petrorm ]iortiou, or pyramid. The temporal 
bone articulates in front with the greater wing of the 
sphenoid ; above, by means of Ihe temporofronfnl suture, 
witli the frontal ; and behind with the occipital hone. 
The ]M>trous portion articulates wilh the sphenoid and 
with the occipital bone. 

(it) The squamous portion of the lemi«ral bone, or 
Rfpmiua tiniporalii^, ci>nsist.s of n plate of bone thinner at 
the center Ihan at the periphery, and protects the tem- 
j>oml hibe. In front tlie zygomatic i>roeess, formed by 
two roots se])arated Ijy the mandibular fos^a, takes it« 
ori^n. The anterior of these two nxtts, known as the 
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auricular tubercle, is thicker tlian tlie jmslerior and 
receives tbe auricular process oC the inferior maxilla 
when the mouth is openeJ. Since the auricular process 
of the inferior maxilla comes in relation by means of its 
inner half with the bony, and by means of its outer half 
with tlie cartilaginous, portion of the auditory meatus, 
tlie anterior cartilaginous wall of the meatus is drawn 
forward when the mouth is opened, and the cartilaginous 
portion is accordingly enlarged ; hence we open the 
muuth when listening intently. The upper border of the 
zygomatic proceiis graduidly fades away into a ridge 
known as the supramastoid crest (linea temporalis), which 

S asses upward and backward and usually lies somewhat 
eeper tnan the floor of the middle fossa of tlie skull, 
though in brachy cephalic individuals it often lies on a 
higher plane (Kiirner) (Plates 10, 17). The supraniastoid 
crest forms the upjier boundary in the ojteration for 
opening the mastoid process. The squama is traversed 
by a groove tJiat lodges the middle temporal artery. The 
inner surface ])resents depressions known as the jnga 
cerebralia and impressiones digitatw, which correspond 
to convolutions and fissures of the brain. In the adult 
the inner surface of the temporal }iortioD is joined to the 
pyramid by the remains of the petrosquamous suture. In 
the new-born the junction is effected by a distinct eleft 
containing vascular connective tissue, through which pus 
may pass from the middle ear to the middle fossa of the 
skull (Plate 2). This cleft is formed by a horizontal 
plate from the temporal portiou being pushed under a 
Gorresptmding horizontal plate from the pyramid; the 
latter is known as the tegmen tympani et antri. 

That part of the squamous portion lying lielow the snpra- 
mastoid crest in the adult forms almost a right angle with 
the bony roof of the auditory meatus ; in the new-born 
it forms an obtuse angle with the plate of bone front 
which the bony roof of the auditory meatus develops 
(.■superficies meatus. Plates 2, !)). The posterior inferior 
process of the squamous iiortion in the new-born forms 
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the outer covering of the nmeit4>id antnini. The squamo- 
maetuid suture niurk» its union willi the posterior ex- 
tremity of the petrous portion (pars niastoidea), and traces 
otxt are aoraetimes seen in tlie adult (pus-channel) (Plate 
1). The inner surface of the sciiiainous portion iu the 
new-born oontaiiis piieiitnatic cells, and with the growth 
of the latter the anCrtim, which in the ncw-boni lies 
superficially, gradually tiikcs tip a deeper position. The 
inner surface of the sui>crlicies nictitus is .smooth and 
becomes the outer surface or osseous portion of tlie attic, 
a space designed for die reception of the heud of the 
malleus and body of the incus (Plate 2). 

(^) The tympanic portion in the new-bom fomis a ring 
open above and anteriorly (annuUis tyinpanicus and inci- 
Bura Ilivini), which beeomes closed by appositioa to the 
Buperticics meatus. This ring of bone oontainii; a furrow, 
the tympanic sulcus, for the attachment of the drumhead 
(Plate 2). The anterior and posterior limbs of the tym- 
panic ring are occupied by pniminences known as the 
nnterior and posterior tympanic tul)ercles. The inner 
surface of the anterior limb in addition presents two 
spines (depurated by an oblique ridge), the anterior and 
posterior (major) tympanic spines. Below tiiei^ spines, 
through a furrow known as the sulcus nmlleolaris, the 
_chorda tympani, the anterior ligament of the malleus, and 
the anterior tympanic artery and vein pass out from the 
tympanic cavity (Plate 4). The bony [lortiou of tlie 
meatus is formed in part by the tym|»anio ring, which 
contributes the roof, the anterior and a part of the pos- 
terior wall, and in jiiirt by the sii(»erficies meatus (of the 
m]nama), which contributes the roof and part of the pos- 
terior Iwny wall of the meatus. The growth lieing more 
active about the tympanic tubcreles than in other portions 
of the tympanic ring, two bony ridges are formed, begin- 
ning at each of the tympanic tubercles and growing in 
opposite directions to unite in the second year. Between 
these two ridges there is usually a gap that does not close 
Irafore the lifib year. Oecoisionally it persists in tlie 
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adult, in tlie anterior Iuwit wjiII, anj offers a pu^^nge ' 
i'or pus from the auditory meatus to tlie nrticiilatiou of 
the jaw (Piute 27). The roof ami part of the posterior 
bony wall of the meatus are formed by an almost right- 
angled rcfieetiou of tho superfides meatnd, which in the 
new-laorD joins the squama at an obtuse angle. The 
external audHoi-y ineatun in the new-fmrn consists of skin 
and cartilage only ; it is attached to the sii)>erficies 
meatus and tympanic ring. The roof of the meatus \a 
formed by the superficies meatus, in tlie coiitinnation of 
which tlie almost horizontal drumhead is found. The 
outer portion of the floor is cartilaginous, and the inner 
fibrous. The latter is continuous with the tym^tanic ring 
(Plate 4), The lumen of tho auditory meatus in the 
new-born is extremely small and occluded by vernix 
cascosa. The floor is closely applied to the drumhead, 
hence to obtain a good view it must be drawn away from 
the membrane by drawing the auricle backward and 
downward (Plate 4). The bony portion of tiie meatus is 
usually eompleted by the third year. With the comple- 
, tion of the bony meatus the drumhead descends, its upper 
pole becomes elevated, and the membrane is separated j 
from the floor of the meatus, so that the lumen becomea ] 
enlaiged. 

In the aduif the bony auiiifory meatits forms a tubej 
with an oval external opening — the jwrus acusticua ' 
externus (Plate 1). The posterior extremity of the an- 
terior bony wall of the meatus, which is in relation with 
the articular surface of the inferior maxilla (crushing of i 
the anterior wall of the meatus by a fall on the inferior I 
maxilla), presents a fissure which is divided by a bony / 
plate projecting from the pyramid (processus inferior ] 
tegraiuis tyin]tani) into the jietrosquamous fissure above i 
and the petrotympanic or Glaserian below. The latter | 
is constant and loflges the chorda tymjiani, the tymijanio I 
artery and vein, and the anterior ligament of the malleus. 

The parotid gland onmes in relation with the anterior . 
wall and floor of the auditory meatus (Plate 3). (Con- 
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fraction i>l' tlie cartilaginous jtortion of the meatus l»v 
tumors of tliL- parotid gland.) Tlit; poslcrinr bony wall 
of the meatus is divided from the mastoid process by 
the tympanomastoid fissure, tbroiigli which the anricnlur 
nerve, a branch of the vagus, jtasses to the [xvnterior wall 
of the meatus. The posterior bony wall of the nieatits 
is divided from the mastoid cells by a plate of Uine 
1 or 2 mm. in thickness, from the sigmoid groove by 
about 12 mm. <if bony snbstauce, and its deeper jwrtion 
from the antrum by 5 mm. of bone. The roof of the 
aiiditotr canal con»ist« of two compact plates of bone 
that onen contain pneumatic cells. The floor of the 
third temporal convolution (gynis temporalis III, Plate 
10), which is about j cm. in thickness, is formed by these 
plates. The inferior lamella of the riKif is continuous 
with the outer wall of the osseous portion of the attic 
(Plate 3). At the junction between the rtwjf and pos- 
terior wall of the auditoiy canal, close to the drumhead, 
the bone presents a number of canalicnli containing 
blood-veeaels and connective tissue, through which pus 
may burrow fmm the antrum under the periosteum of 
the auditory canal. On the outer surfafe and behind 
and above the bony ]>orlion of the auditory canal is an 
eminence, — the supramealal spine, — and immediately 
above, in a depression known us the mastoid fossa, are a 
number of canalicnli for the transmission of blood- 
vessels. Through these canalicnli pus may make its 
way from the antrum to the surface of the mastoid proc- 
ess (Plates 1, 6). 

The general direction of the external auditory meatus 
is from without inward and slightly forward, so that the 
two axes of the auditory cunal form nu an^le of 80 
decrees with the median plane (see Fig. 5). The auricle 
ana the cartilaginous portion of the mentus are, so to 
speak, suspended from the bony portion of the canal, so 
that the cartilaginous and bony portions form an angle 
with the vertex pointing npwanl. The verlicii! plane 
between the free lx)rder of the tragus and tlic projecting 
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! cavum coiiclij 

_' lUfsatiis ( 
The first }>ortioD (curt! lag) nous), from tins poiut to t 
incisura Santoritii major (Fig. 3, a), runs slightly foi 
ward ; llie eeootid portion ( cart i lag iiioutt), from the iitc' 
Bura Hantoriiii to tlu> porus acustious externus (&), : 
deflected baekwanl, while the third portion of the caDal 
(oaseoufl) (c) again takes a somewhat forward direction. 
To straighten out the cartilaginous portion in the adult, 
for the piir[>ose of examining the drumhead, the pinoa 
must be drawn backward and upward (Plate 4, Fig. 3). 




t, drnrahesd; « + 
it. Meul cmt of . 
T (tight) from above, and traiinverse scctiona of IhB exIeToal 1 

ivith the largest and siiialluat diiituvtLTS (after Bewld)., I 

le sfter beingdnimL oat f 



n tbe podtlon it would ai 



The roof of the auditory canal runs almost horizontally 
as far as the drumhead. The floor in the bony portion 
is convex above, sometimes to such an extent that the, 
lumen is contracted and the anterior half of the tympanic 
membrane olweured. The posterior bony wall of the 
canal runs vertically or somewhat obliquely back' 
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making a right or obtuse angle with the outer surface , 
of the mastoid proccis. In the latter case tlie sigmoid ■ 
groove often apiiroaotiea close to the posterior bony wall ' 
(Plate 6, Trautniann). InitnetUately in front of the 
oriimhead the bony floor of tlie auditory canal is convex 
above and forms an acute angle (27 degrees) with the 
membrane. This Hpuee, known aw the recessus meatus i 
acusticns externum (Flatc 3), often 1)econiesa lodging-place 
for small foreign bodies. The floor of the ranal is lunger ] 
than the roof, and accordingly extends further into the I 
interior. The anti'rior wall is longer than the posterior, 
and, like the floor, extends farther in (ban the posterior I 
wall. 

The lumen is greater at the two extremities than at ! 
the middle of the canal ; in the cartilaginous imrtion it ' 
contracls uniformly from without inward. In the bony 
portion the oontraction is greatest at the inner third 
(isthmus), where foreign btidies are apt to be found (see 
Fig. 3), The length of the auditory meatus is about 14 
mm,; that of the cartilaginous portion, measure*! from 
the tragus, 21 mm., the entire length being, therefore, 
aboHt 35 mm. (Bt'zold) (Plate 4). ' 

Histology (Plate 13). — The skin covering the cartl- 
laginofu(:iiii'ou8 portion of the canal presents small pap- 
illfu h.l.)w tlie epidermis, nud a number of hairs with 
tubular sebaccoiia glands and abfUit 1500 large ce rum i- 
nous glands, the latter consisting of culwid epithelial cells 
containing a brownish granular pigment imbedded in the 
subcutaneous stratum. The narrow ducts of these glands, 
after making a sharp bend, terminate in a common de- 
preseton witn hair-fotlieles and sebaceous glands. Tlra J 
pigmented secretion from these glands, mingling with the 1 
fat frum the sebaceous glands and desquamated epitlie- 
linm, fornw cenimen which often contains path<^nic 
micTD-organisms (Rohrer) and the demcwlex folliculorum. 
The skin covering the bonv meatus is thin except in that 
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and also rontuins hairs unci gliutd^; thi» wedge-glm|»e<) 
strip of ^kin extuixls down as tar us the drtimliead (Plate 
31). 

(y) Petrous Portion (Plates 1, 2, 5). — The i>etroiis por- 
tion nf the nvmniid in tlie uow-boru is distinguished 
from that of me adult by its size and the greater distiuct- 
ness of the bony ridges. The petrous {xtrtion presents a 
quadriluteral pyramid. The anterior border, assisted by 
the sphenoid Imne, forms the foramen lacerum anterius 
(Plate 11), wliich transmits the carotid a rterj-. Eustachian 
tube, and the great and lesser superficial petrosal nervett. 
The upper border presents a groove that lodges the 
superticial petrosal sinus; the posterior border lodges 
the inferior petrosal sinus, and forms, with the oecipital 
bone, the foramen lacerum posterius, or jugular foramen. 
The latter is divided by a bony spine into a smaller 
anterior compartment for the transmission of the glosfio- 
pharyngeal, vagus, and spinal accessory nerves, and a 
larger posterior compartment for the transmission of the 
internal jugular vein (Plate 5). The lower border forms 
a sharp ridge on the continuation of the mass of bone 
that surrounds the styloid process. The anterior upper 
surface of the pyramid presents at its apex a depression 
that lodges the semilunar ganglion of the fifth nerve, 
and on the outer side of the depression two parallel 
grooves with separate openings: a median opening that 
transmits the great superficial petrosal nerve to the spur- 
ious opening in the Fallopian canal {a bristle introduced 
into the stylomastoid foramen emerges at this -opening), 
and a lateral opening that transmits the small super- 
ficial petrosal nerve to the aperture superior canaliculi 
tympanic! (Plate 5). About the middle of the pyramid, 
liear its upjter border, there is a bony ridge (eminentia 
arcuata) that overlies the superior semicircular canal 
(Plates 2, 7, 8). When, as occasionally hapjiens, there is 
a defect in this ridge, pus may pass through the labyrinth 
to the brain. To the outer side of this ridge is a smooth 
plate of bone about the tliickness of paper, and occasion- 
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ally, especially iu bntcliyccplialic subjects, divHded by a 
tissure that contains pnciimalic cells. It is tlic tcgmea 
tympani et antri (roof of tlie lynipaiium and antrum), and 
permits the ptk-tHage of pus from the middle ear to the 
middle fossa of the skull, It is joined to the squamous 
portion of the tegmeu by the i>etrosqnamoiia suture. 

The roof of the tymi«inuai and antrum supports the third 
temporal convolution, to the inner side of which is found 
the fusiform gyrus of tlii> oiicipitui lobe, while still farther 
inward, on the apex of the pyramid, is found the hipixi- 
campal gvrus, a continuation of the lingual couvolutioa 
of the occipital lobe (Plate 10). About the middle of 
the posterior superior surfiice of the pyramid there is an 
oval oi)ening, the poms acusticus iuternus, which trans- 
mits tne auditory and facial nerves, and the internal 
auditory artery and vein (Plates 2, 13, 4, 6). The Hoop 
of the internal auditory meatus is divided by a transverse 
ridge, the falciform crest, into an upper and a lower fossa 
(see Fig. 14). The upper fossa presents, in front, near 
the apex of the pyramid, an opening for the seventh 
nerve, and behind this several canaliouli fortning the 
superior cribriform area (area cribrosa superior sive 
vestibularis), which transmits the utricular and the su< 
periop and lateral ampullary nerves. The lower fossa 
in front presents a numl>cr of spiral openings (tractns 
spiralis foraminosua) with a large central foramen (fora- 
men oentrale) for the pasHnge of the cochlear |iortion of i 
the auditory ner\'e, and behind this another foramen (the 
foramen singulare) for the transmission of the inferior 
ampullary nerve. Between and above these two foramina 
are severul smaller openings constituting the middle I 
cribriform area (area eribrosa media sive vestibularis 
inferior) for the saccular nerve. TheHc foramina may 
become channels for the jKissage of nus from the labyrinth 
to the posterior fossa of the skull. On the posterior 
surface of the pyramid, especially in the new-Wrn, the 
superior and posterior horizontal canals ap{>eiir very dis- 
tinctly (PUte 2). Underneath there is s cleft in the i 
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IxnK- that commuiiipjitcs with tlie exteruul (>|H?i]ing ol" the \ 
uiiuieiliictus vi'stibuli. This also afl'onlH passage tor ptw 
t'rom the labyrinlh ti> the {H>st€riur fossa of the ekull 
(Plates 2, 7). The superior i^nikrircular <aiial is under- 
mined by a fo!-sii that contains vaticiilar connective tissue 
(fossa subarcuata), and allows pug to pass from the interior 
of tlie petrous portion to the posterior fossa of the skull. 

Behind tho porns aousticus internus the great horizon- 
tal fissure of the cerebellum comes in relation with the p6- ] 
trous portion ; while in froutof tiic jiorus acusticus inlemo^l 
between the petrous portiou and the middle [leduncle of ■ 
the cerebellum, there is a lateral diverticulum of the sub'] 
arachuoid space (Zuckerkundl) (Plate 10). On the p 
terior inferior surface of the mramid, l)etween- the m&g*] 
toid process and the styloid process, the Btylomaetcndj 
foramen transmits the seventh iicne and the Btylomaa- 
toid artery and vein. In front liea the jugular fossa, 
which 18 usually deeper on the right than on the left 
side, and lodges the bulb of the jugular vein (Plate 5) ; 
this IS sometimes defective and permits pus to pass from 1 
the tympanic cavity lo the bulb (Plate 17). A snial]^ 
foramen within the fa«sa transmits the auricular nerN-e (».J 
branch of the vagus) to the tympanomastoid fissure. t 

Behind the anterior portion of the postero-inferior sur- I 
face of the pyramid, which unites with the occiput b^ 1 
means of the petrobasilar suture {Plate 11), is the f 
tcrnal oi>cning of the utrotid canal, which transmits tb».l 
internal carotid artery, with its aecompanj-ing plexus of J 
veius and the sympathetic nerve plexuses. The walls of J 
the canal are ])ierced by small foramina (canaliculi caro^l 
icotympanici) through which small blood-Tessels ( 
the tympanic cavity. These may form pns-chai 
from the tympanic cavity to the carotid (Plate 5). 
tween tho jugular fossa and the external opening of t 
carotid canal is a small depression, the fossnla petnwijT 
for the reception of the petrosal ganglion of the nintllfl 
nerve. Through a foramen in this fossa (ii|»rtara extenn^v 
canaliculi tympanici) the tympanic nerve passes iuto ths] 
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fympanic cavity (Plate 5). Behind and to tlie median 
side oi' the latter is an infiindibiilif'orm dcpressiun (Plat«E 
7, 8) Icuding into the aqueduct of the cochlea (apertura 
externa aqnteduotiis oochleK). Through this channel pne 
may pass from the labyrinth into the subarachnoid eirace 
of the posterior fossa of the skull. On the nntcro- 
inferior suHace of the pyramid the internal carotid 
emerges from the bone through the apertura interna canal- 
iculi carotici. To its outer side and sometimes separ- 
ated by a thin plate of bone (pus-ehannei from the 
£u8tachian tube to liie carotid artery) lies the canalis 
musculotubariiiH (Plates 1, 5). The latter is divided by 
a thin plate of bone into an upper comjwrtment for 
the tensor tynipani and a lower compartment for the 
Eustachian tube. 

In the adult the posterior segment of the antero- 
inferior surface of tlie pyramid, which enters into the 
formation of the tympanic cavity, is covered by the 
anterior bony wall of the auditory meatus and by the 
drumhead ; in the new-born it is freely exposed by 
removing the membrane {Plate 1). The median wall of 
the tympanic cavity and outer covering of the beginning 
of the cochlea is formed by the wall of the promoutorj-. 
The latter consists of a plate of bone, convex externnllv, 
with two openings li>dgcd in depressions ur fovea?, — the 
fenestra vcstibtili (ova lis) and the fenct^tra coehIc» 
(rotnnda), — the corre«[Kuiding fovea? bearing the same 
appellations (pus-channels from the tympanic cavity into 
the labyrinth — Plates 1, fl). The proniontorj' is traversed 
by a groove running from below upward, which lodges the 
tympanic nerve and artery. 

Aoove and in front of the fenestra vcstibnli is an 
exca\-Bted plate of bone, the processus cochleariformis, 
for the altachnient of the tendon of the teniior tynipani 
muscle. It forms the posterior extremity of the upper 
segment of the canalis musculotubariiis. The lower wg- 
. ment, i-orresiKindingtothe bony portion of ihe Eustachian 
[ ta\ie, l>egins at the tympanic opening of the tube in the 
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aiiteroauperior porlion of the tympanic cavity. The 
floor of the tube contains ]iiieimiaticceIl»(ceUulie tubarise) 
that often extend to tlie carotid and allow tlie passage oi 
pus (Plate 5). The floor of the tympanic cavity is exca- 
vated (cellar) and contains pneumatic cells (celltilie tym- 
panicce) that often communicate in the substance of the 
petrous portion with the carotid and the inferior i)etrosaI 
sinuses (pus-channels). The posterior portion of the 
floor of tne tymjxinic cjivity is smooth and forms the 
roof of the jugnlar fossa. When this jxtrtion is abnor- 
mally devclopeil, it sometimes bulges, and may be de- 
fective (bulla jngnlaris). 

Behind and below the feiiei^tra vestibull (Plate 5) is a 
hollow eminence, the eminentia pyramidalis, throngh 
which the tendon of tlie stapedius muscle pasiies to oe 
attached to the hea<i of the stapes (pus-channel to the 
seventh nerve). By the aide of the eminentia pyrami- 
dalis and hard by the tympanic sulcus there is a small 
opening for the transmission of the chorda tympsni (pns- 
ehannel to the seventh nerve). Below the eminentia 
pyramidalis the cellules tympanioie empty into a small 
depression, the sinus tympani, which is bounded alMJve 
by a trabecula of bone, the ponticulus, and below by a 
somewhat heavier ridge, the subiculnm (Plates 1, 5), The 
wall of the promontory above and liehind fades away into 
the median wall of the attic and of the mastoid antrum. 
As these portions are covered by the superficies meatus 
and, in the adult, by the bcmy tissue developed therefrom, 
they cannot be exposed without removing the squamous 
portion (Plates 1 and 5). The posterior border of the 
attic is formed by a compact, convex ridge of bone 
(prominentia canalis facialis), above and behind the 
lenestra vestibuli, which overlies the seventh nerve. 
This ridge is occasionally defective, and may then trans- 
mit pus from the tympanic cavity to tfie seventh nerve. 

The facial nerve, after giving off" ihe deep auricular 
nerve, enters the stylomastoid foramen. Here it is in- 
vested with a compact envelope of bone (Plates 3, 4, 5), 
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At the anterior bonier of the mastoid process, opposite 
the center of the bony umlitory cunal, where it gives off 
tbe chorda tympani and nerve supplying the stapedius 
muscle, the seventh nerve passes upward, and, at the 
level of the lower iialf of the posterior Iwny wall, bends 
inward, running close to the fenestra vestibuli as far as 
the spurious opening in the facial canal. At this point 
it forms the geniculate ganglion and gives off the great 
superficial petrosal nerve and the anastomosis with tlie 
lesser superficial petrosal nerve, after which it bends at a 
right angle inward anil, accompanied by the eighth nerve 
and the {tars intermedia, traverses the internal anditury 
meatus, and enters the bruin between the pons and the 
crus (see Plate 14). 

Above the prominentia tranalis facialis is a compact 
horizontal ledge of bone, convex externally, which over- 
lies the ampullie of tlie superior and external semicircular 
canals(pr(iminentia canalts scnticircnlaris lateralis); when 
this is defective, pus may pass fnira the attic to the 
labyrinth {Plates 3, 5), In the adult the distance be- 
tween this point — the threshold of the antrum (limes 
antri), so called because it lies in front of the antrum — 
and the extremity of the posterior bony wall of the audi- 
tory meatus (pars ossea) is about 6 mm, (Plate 3). At 
the point where the posterior wall of the tympanic cavity 
is bent backward and downward to the floor of the 
antnim (about 5 mm. below the tegmen tymponi) the 
short process of the incus is attached in a small depres- 
sion (the fospa incudis) (Plate 4). If the osseous portion 
of the canal is broken through in o|)ening the mastoid 
process, there is danger of the chisel injuring the semi- 
circular canal or the facial nerve or both these atructnres 
(Plates a, 2i)). 

The posterior extremity of the [letrous portion of the 
tem)>aral Iwne is formed by tbe mastoid pn)ceRS (Plates 
1, fi, fi). In ihe new-born it represents a small promi- 
nence that contains no air-sjiaees except the bean-shaped 
antrum. The latter lies posteriorly to the attic, in a tine 
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^KLssiug thmiigli the Eustachian tube, tlie tympanic cavity, 
and the thre^hultl of the antrum. The axis of the audi- 
tory canal (see Fig. 6) ineots this line at an angle of 30 
degrees. The line connecting the Eustachian tube with 
the antrum iutersects the median plane at an angle of 45 
degrees, and forms an angle of 30 degrees with the hori- 
zontal. Tlie tympanic opening of the tube is, therefore, 
more deeply sitnatetl than the threshold of the antrum. 
The antrum in the nL'W-bom resembles in shai>e and size 
that of the adult ; it is about 12 mm. long, 8 mm. high, 
and 6 mm. broad. At birth it lies immediately beneath 
the cortical portion of the i^qiiama, but as the superficies 
meatus becomes bent on itself and the mastoid cells 
develop, it assumes a deeper position (Plate 6). The 
mastoid cells reach their full development in the third 
year. From the true mastoid jTOrtion the mastoid ci'll.i 
develop backward toward the sigmoid groove aiid tip of 
the mastoid process ; the cellulte squamosa; develop trom 
the cortical portion of the squama downward as far as 
the squamomastoid fissure, upward and forward into the 
zygomatic process, and backward into the occiput. The 
largest cells are nsually found on the posterior and in- 
ternal surfaces of the tip of the mastoid process (Plate 6). 
Occasionally the inner table covering them is deficient 
and allows pus to juiss from the mastoid cells to the 
surface (Plate 25). The pneumatic mastoid cells con- 
verge toward the antrum ; the large end-cells empty info 
transitional cells, and these into the antrum. Occa- 
sionally the entire mastoid process is pneumatic (37 per 
cent.); more frequently (43 jier cent.) the structure is 
diploetio at the tip and pneumatic above. In a small 
proportion of cases it is ebnrnated (sclerotic) and contains 
no ceils ; this is probably always a pathologic condition. 
In 20 per cent, of the subjects it is diph)etic (Zuckcr- 
kandl). The antrum is always present, (hough some- 
times it is very small. Its distance from the surface of 
the mastoid process varies according to the size of the 
cavity. The floor of the antnim is about 10 to 12 
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mm. below the siipmmental spine. As the os.«eoua por- 
tion is only 6 ram. distant from the tuberciilum ampul- 
lare and the prominence of the canal of the sevi^Dth 
nerve, it follows that the external semicircular canal and 
the seventh nerve are from 16 to 18 mm. below the 
suprameatal spine (Plates 3, 6). The floor of the antrum 
corresponds to a point half way up the posterior bony 
wall of the auditory canal, at a distance of about 5 mm. 
from its inner iwrlion. 

The esternal contour of the mastoid process is subject 
to wide variations ; its surfiice frequently presents the 
equamomastoid suture (a pua-chuouel, Plate 1), The tip 
of the mastoid gives origin to the sleruocleidoraastoid 
muscle ; more posteriorly are the origins of the splenius 
and trachelomastoid muscles. Its inner side is marked 
by the digastric fossa (iocisura mastoidea), which gives 
attachment to the digastric muscle. To the niedian side 
of the latter is a groove for the <)ccipital artery, and still 
further inward are found the jugular prtK-ess of the 
occipital bone, tlie styloid process, the jugular fossa, and 
the deep muscles of the neck. The periosteum is inti- 
mately adherent to the hone, e.«pecially at the squamo- 
mastoid suture. Defects in the cells at the lip of the 
mastoid may afford passage for pus along the sneath of 
the sternocleidomastoid muscle ; more rarely nlong the 
large blood-vessels, as far as the axilla, or along the mus- 
cles attached to the styloid process to the retropharyngeal 
space and the thoracic cavity. The osseous wall between 
the antrum and the posterior fossa of the skull is thin 
and s|Mingy ; hence if it is defective, passage is afforded 
for pus from the antrum to the iiosterior fossa of the 
ekull. 

The posterior surface of the mastoid process is marked 
by the sigmoid groove (Plates 5, 7, 1 1) for the reception 
of the descending portion of the transverse sinus. It is 
nsually found I') mm. behind the supramcatul spine. 
About !K) mm. behind the s|iini'. and the same distance 
tbove the tip of the process, is the mastoid foramen. 
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which tranfimits one of the emissary veins of Santorini 
(com muni eat ion between the tmnsverse sinus and the 
occipital vein). Tlic sigmoid groove, like the jugular ■ 
fossa, lies deeper on the right than on the left side, esp&> I 
oially in bracnjcephalic subjects (Korner), because the 
right transverse sinus and the right jugular vein are 
tmeker. Occasionally the sinus is displaced forwanl bo 
that it lies immediately underneath the surface of the 
mastoid process and behind the bony wall of the auditorj- 
meatus (Plate 17). In such caws the posterior bony 
wall of the auditory meatus follows an oblique course. 

The greater part of the venous blood from the brain 
empties into the longitudinal and right transverse sinuses, 
the remaining portion being carried off by the straight 
sinus and the left transverse sinus (Fig. 4). As the jug- 
ular vein and the right innominate vein form a more 
direct passage for the venous blood of the brain to the 
heart on the right side than on the left, the transverse 
sinus and jugular vein on the right side ant thicker than 
on the left. The venous blood from the eye is collected 
by the ophthalmic vein, and with the contents of the 
sinus of the lesser wing of the sphenoid is emptied into 
the cavernous sinus. The latter communicates with the 
cavernous sinus of the opposite side by means of the 
circular sinus of Ridley. The wall of the cavernous 
sinus accommodates the carotid artery and the trigemi- 
nus, abducens, ocniomotor, and trochlear nerves. The 
cavernous sinus and the internal auditory vein empty 
into the inferior petrosal sinus, which enters the bulb 
of the jugular vein. The vein of the aqueduct of the 
cochlea empties directly into the bulb, whereas the vein 
of the aqueduct of the vestibule empties directly into 
the transverse sinus. Owing to it.<^ position below the 
deepest point in the descending portion of the transverse 
sinus, the bulb of the jugular vein serves to retard the 
flow of blood from the sinus (MacEwcn). The superior 
petrosal sinus receives small veins from the tyiupa 
cavity and connects the cavernous and transverse ainut 
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'I'lir iiiloricir {wtrosiil sinus communicates through i 
Ixixilur plexus witli the anterior spinal plexus, whereas 
thu iiccipitMl »inus establishes a communication between 
the t ruiiMVorsc hidus and the posterior spinal plexus. The 
miiMtuii) process sends a number of small veins to the 
trunsverse sinus, niostlif which enter its anterior convex 
flurfooe. The mastoid vein passes through the mastoid 
foramen mid Joins the occipital and external jugular 
veinw. Tiio emissary vein of Santurini, which passes 
thiiin^h the jxaterior condyloid foramen, connects the 
transverse sinua with the vertebral jilestis. The veins 
fVom the temporal bone and labyrinth, which enter the: 
sinnites, may convey pus from the sinuses to the nuchal] 
region (occipital vein) or to the npjier cervical r^on. 
(emissary vein of Santorini and vertebral plexuses). 

The transverse sinus (Plate 10) is in relation with the 
lateral surface of the cerebellum. The sinuses represent 
tubes formed by two layers of dura; they are so ar- 
ranged as to maintain a uniform flow of blood within the 
brain, which prevents the inspiratory collapse seen in thek 
jngular vein. When the sinus becomes occluded by a 
clot, as in ligation of the jugular vein, the hlood is either' 
carried off by the emissaries or returns and is carried off 
by the sinuses of the other side, depending on the seat 
of the thrombus. A common slieatn surrounds the jug-' 
ular vein, the carotid artery, and the pncumogastna 
nerve. The vein lies to the outer side of the carotid 
artery, underneath the sterniwleidomastoid, and at a 
point opposite to the bifurcation of the carotid receives 
the common facial vein (see Fig. 98). 

4. The Drumhead. — Corresponding to the obliquity 
of the inner extremity of the bony auditory canal, deter^ 
mined by the difference in the lengths of its walls, the 
plane of insertion of the drumhead is also oblique botfe 
in the hiteral and vertical direction. The anterior *raU 
of the canal is longer, and accordingly extends furthef 
inward, than the posterior wall ; hence the anterior itole 
of the drumhead lies nearer the mediau line than the 
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posterior pole, so that the plane of the membrane, if pro- 
longed anteriorly, would intersect the modiau plane at an 
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an(tleof50dffjrpes,with itHverk'x pointing forward. This 
i» known as ita declination. The Hour of the auditory 



meatus is longer than the mof and, therofore, extends" 
further inwara ; accordingly, the inferior pol 
drumhead lies nearer the median line than the superior 
pole, and the axis of the meatus intersects the drumhead at 
an angle of 45 degrees, with its vertex pointing downward. 
(This is known as the inclination of the drumhead.) The 
roof of the auditory meatus meets the plane of the drum- 
head at an obtuse angle of 140 degrees, whereas the floor 
forms with it an acute angle of 27 degrees. The drumhead 
corresponds in size and shape to the Wrder of the tympanic 
ringto which it is attached (Plates 2, 10,38). It represents 
a membrane 10 mm. in height, 9 mm. in breadth, O.I mm. 
in thickness, and separates the auditory meatus from the 
tympanic cavity. Its oval outline is interrupted in front 
and above by the incisura Rivini ; behind and above, by 
a einuosity. In the cadaver it is opaque and of a pearly 
gray color. It is attached iii the tympanic groove by 
means of the fibrocartilaginous ring, its wurface is tra- 
versed by the handle of the malleus. In the anterior 
upper portion the short process of the malleus appears 
as a yellow nodule and forms an important landmark. 
From that point the handle of the malleus passes back- 
ward and downward, so that the short process in the 
right ear is seen above and to the right ; in the left ear, 
above and to the left. The expanded extremity of the 
handle of the malleus extends into the lower half of the 
membrane and lies nearer the wall of the promontory 
than the short process. Accordingly the membrane, 
which is firmly attached to the handle of the malleus 
(Plate 3), is drawn inward in the shape of a funnel, the 
highest portion corresponding to the extremity of the 
handle of the malleus (umbo). In tlte anterior half, 
owing to the diminished width of the membrane, the 
walls of the funnel arc more abrupt than in the posterior 
half. The umbo lies nearest to the promontory (2 mm,), 
the jTOsterior inferior portion of the membrane being 
ferthest removed from that point (point of eleetion for 
paracentesis). That portion of tne ear-drum lying 
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above tlic short process of the malleus is more jneWing 

timii the jiortion behtw that atructiire, and is traversed 




Fin. e.— The ilnimheiHl biiiI tymgisnlc oniclen (whcinatlc) : ], Anterior 
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voaels ; 38, tegmeti tympnul ; 39. thresliold of antrum. 

by two folds ninning from the short prowss to the ex- 
tremities of thi' incisura Rivini; these are known as the | 
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boundary folds. Tlie portion situated above the short 
procegii and bonuded by tlie iiicisura Riviui and tlte aute- 
rior and jMisterior boundar)' folds is known as the flaccid 
portion, meiubrana Haccida, or Shrapnell's nienibrane. 
This portion is freqiieutly traversed by a fold, higher than 
the otner two, whien runs obliquely backward and upwatd 
from the short process. Retraction of the druniheaa pro- 
duces a pathologic posterior fold, which passes from the 
short process downward into the tympanic menibraDe 
(Plate 38, Fig. 8). The greater iwrtion of the drumhead 
lies below (he short process and is known as the pars 
tensa. An imaginary line drawn from the extremity of 
the handle of tlie nmltetis to the lower border of tl 
drumhead, and a horizontal line making a right ang 
with the axis of the handle of the malleus drawn throng 
the dnimhead at the level of the umbo (Fig. 6), divi( 
the membrane into a lesser anterior and greater posterior^, 
or into a greater upper and lesser lower, portion. Thft 
anterior half is diviaed into anlerosiiperior and antero- 
inferior quadrants; the poijtertor into jwsterosuperior and' 
postero-inferior quadrants; the anterosuperior quadrant] 
19 the smallest, the posterosuperior the largest. This di-j 
vision of the drumhead is of great practical usefulness^,, 
because the pathologic np[>earances occurring in vari 
portions of the membrane differ greatly in importai 
Thus, the anterosuperior quadrant (Plates 10, 38, 39) * 
responds to the r^ion of the t^-mpanic opcDing of 
tube, the canal for the tensor tympnni muscles, and 
anterior pouch of tlie drumhead. The antero-inferi) 
quadrant corresimnds to the carotid canal. The ^ 
superior quadrant contains the long process of the inci 
the stapes, and the articulations of these bones, the fern 
tin cochleie, the eminentia pyramidalis, and stape" 
muscle, the posterior ]much of the drumhead, the chi 
tympani, and the posterior fold (pathologic). The 
tero-inferior quadrant contains the fenestra cochlea, 
tvm})anic cells in the floor of the tvmpanic cavity, 
tiie bulb of the jugular vein (Plate 38, Fig. 3). 
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flaccid portion, or Slirapnell'a nieiiibrane, corresponds to 
the neck of the nialleim and Friissjik'i- simce (Plates 3, 
20). 

HlstologT. — The tympanic membrane consists of three 
layers ; (a) The stratum cntancum, derived from the in- 
tegument of the auditory meatus ; (b) the stratum fibro- 
Bum, derived from the teudinouH ring (anniilus tendino- 
8U8); (c) the stratum mucosum, derived from the mucous 
membrane lining the tympanic cavity. In the pars flaccida 
only (a) and (<;) are represeutcd (Plates 13, 31). 

(a) The niratum cuiaTw^m is thin, except in the pro- 
longation of the strip of skin covering the superficies 
ineatue, which passes behind the handle of the malleus 
(Plate 31). This portion is somewhat thicker and con- 
tains within its loose-meshed cuticiilar layer the malleolar 
vein, artery, and nerve. It consists of layers of squamous 
epithelium, with eyiindric cells in the deepest, and horny 
cells in the most sujierficial, layer. Owing to the eccen- 
tric growth of the horny layer, hemorrhages within the 
epiderm are sometimes displaced laterally as far as, and 
even beyond, the tympanic ring. The cutis is thin, 
devoid of glands or hairs, and contains a few poorly 
developed [lapillff and bl<x)d- vessels, which bwome some- 
what more conspicuous in the above-mentioned thickened 
strip. 

(6) The nlra.lum fibi-omm is composed of an outer layer 
ofradial and an inner layer of circular connective- tissue 
fibers, crosKing one another at acute angles (stratum 
radiatnm and stratum circulare). It contains but few 
elastic fibers, and the drumhead is accordingly very in- 
elastic. It often bursts with a loud report and wrinkles 
easily. The fibers of the tendinous ring are continuous 
with the periosteum and bone of the auditory meatus 
and of the tymjianic cavity. The stratum radiatnm is 
attached to the tendinous ring and to the lower and 
middle thini of the handle of the malleus (Plate 13); 
it pen'cs to attach this structure to the drumhead by 
pauing around it and becoming adherent with ita perios- 
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teura. Wherever the anterior surface of the handle off 
the malleus (PUte 31) comes in contact with the drum-i 
head it is covered with hyaline cartilage. The nidiall 
fibers of the drumhead are separated by narrow spaceftS 
containing connective-tissue cells (corpuscles of the tyn: 
panic membrane). The intersection of the circular v '' 
the radial fibers begins at the tendinous ring. The c 
cular fibers decrease in number from the peripheryto t] 
handle of the malleus, to the upper two-thirds of whii 
they become attjiched. At the umbo the radial fibers ar« 
so closely packed that an o|>acity is produced wbeiievai 
cartilage cells are deposited in this region (yellow 9_ 
Trantmann). The thinnest portion of the drniuhead i 
the p(»int where the intermediate zone fades away into tl 
center. The posterior half of the drumhe-.td is occnpiei 
by a branching network of connective tissue that bulge 
the mucous membrane forward (Gruber's dendritic strue 
ture). 

(c) The stnUum miicoaiun consists of a layer of c 
nective tissue containing numerous lymphocytes covei 
by a single layer of cuboidal cells (Plate 13). 
junction of the drumhead with the mucous membrane o 
the tympanic cavity the epithelial cells increase in 1 
and become ciliated (on the floor of the tympanic cnvih') 
The connective tissue forms papillary elevations, the ( 

fre3.sions between the papillte resembling tubular glanda*' 
n the ncw-lwrn the layers (a) and {<■) are more strongly 
develope<l than in the adult; hence the drumhead f 
thicker and more opaque and offers greater resistsnoC 
to perforation in otitis media. 

5. The drumhead forms the outer wall of the 1_ 
patmm ; its bony walls have been described under 3, ] 
Its name is derived from its shape, which corresponds b 
a short cylinder and serves for the reception of the t_ 
panic ossicles and their muscles. The inner wall of t 

tiromontory (Plates 1 , 6) contains the fenestra vestibullj 
ooking directly forward and parallel to the plane of t 
drumhead ; it is closed by the base of the stapes. TIm 
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head of the stapes lies at a somewhat deeper level than 
the base ; to it is attached the tendon of the stapedius 
muscle, which passes across the (wsterior portion of the 
cavity. The fenestra cochlese lies on the fliwr of a 
depression looking towai-d the posterior wall of the tym- 
panic cavity, and accordingly forms a right angle with 
the fenestra veatibiiU. The fenestra cochlese is cTose<I by 
a layer of connective tissue known as the secondary mem- 
brane of Scarpa (merabraua tympanica secimdaria), the 
outer surface of which is concave and covered with 
mucous membrane, itB iuuer surface being covered with 
endothelium; it may be exposed to view bv removing 
the anterior border of llie bone (Plate 14). The floor of 
the tympanic cavity extends below the lower border of 
the drumhead, forming the "cellar," or hypotympanio 
recess (Kretschmann); hence secretions on the flwir of 
the tympanic cavity are not necessarily seen through the 
membrane. When the bulb of the jugular vein is 
larger than normal, it encroaohes on tlie posterior half 
of the drumhead ; in such cases the bone is often deficient 
in places as far as the edge of the fenestra cochlete, and 
the wall of the vein is directly covered by mucous mem- 
brane. This affords passage for pus, ana the vein is in 
danger of injurj' in paracentesis. When the coudition is 

f)resent, a bmisli, crescentic sheen is seen in the posterior 
ower portion of the drumhead (Plate 17 ; Plate 38, Fig. 3). 
At the level of tlie tympanic opening of the Eustacbian 
tube the knee of the internal carotid, which lies near the 
median line, approaches the anterior wall, and is there- 
j fore beyond the region of the drumhead (Plate 6). Occa- 
1 sionally the carotid canal is displaced into the tympanic 
cavity as far as the promontory ; hence if there is any 
defect in the bone, there ia danger of injuring the carotid 
I artery in paracentesis (Gruber) (Plate 17). 

Corresponding to the " cellar," or hypotympunic recess, 

which extends oelow the tympanic cavity, is the attic 

I (Hartmann) almve, which receives the head of the mal- 

I leuB and the l>ody of the incus, and is bounded, abovOf 
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by the tegnien tjmpaDJ ; externally, by the osseous f. 
tion of the roof and the |X)sterior wall uf tlio aaditoiy ^ 
meatu8. Hence tJie drumhead does not correspond ex- 
actly to the boundaries of the tympanic cavily either 
above or below. This lias an important bearing on the 
qnestion of determining the origin of pns in the middle 
ear. The ossicles establish a communication (Plate 2, 
Fig. 7) between the drumhead and the fenestra vestibuH ; 
the malleus is on the drumhead, the stapes is in the 
fcDostra vestibuli, and between the two lies the incus 
{Plate 3). The malleus presents a head that occupies the 
attic, a neck behind Shrapnell's membrane, and a handle 
in the para tensa. The posterior and lateral aspects of 
the head present an articular surface in the form of an 8. 
lis inft'rolateral face presents a prominence, the tooth 
process ; its posterior face an oblique ridge, the crista 
mallei. I 

Underneath are openings for the ])assige of blood- J 
vessels. The head is joined to the handle by means of J 
the neck, which presents, in front, a small eminence, 1 
long process, the remains of Meckel's cartilage (processoi 
anterior Folii) ; the handle begins at the short prooes 
(processus lateralis), which is seen distinctly in the drum 
head, and presents, in front and Ix^hind, a ronghenod are 
for the insertion of the tensor tympani muscle. The ex-^ 
tremity of the handle is expanded (superficies umbiltcali8)a 
The incus presents a body occupying the attic, with K 
lateral articular surface, in the form of an 8, by which in 
articulates with the malleus, and a more medianly aiti 
ated eminence, the tooth process ; behin<l and proiectipd 
horizontally is the short process (crus breve), which ] 
firmly attached to the floor of the tympanic recess by tf 
jjosterior ligament of the incus (Plate 4). The long pt 
cess arches backward and downward through the tyn 
panic cavity, behind and almost parallel witn the hand!,, 
of the malleus. Its extremity articulates by means of | 
convex tubercle, the processus lenticularis, with the hefl 
of the stapes. The stapes lies within the tympanic c 
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ity, its baae closing the fenestra vestibuli. It possesses 
a thin stniight anterior and a thicker curved iJOHterior 
linili ; the inner surface of the two limbs is marked by u 
groove (Plate 'I). 

Histology- — The ear i)saicleB consist of com|Met bone, 
and contain numerous Haversian canals that expand into 
large medullary spaces in the head and body. The artic- 
ular surfaces and the entire lateral border of the malleus, 
which is in contact with the drumhead, are covere<l by 
hyaline cartilage. The articulations between the malleus 
and incus (Plate 4) and the incus and stapes are of the 
symphyseal varieties. The arliculations are connected 
by means of fibrocartilaginous discs containing lymph- 
spaces (Siebenmann), which are reinforced by periosteal 
bands and, on the inner side, by more robust capsular 
ligaments. The fossa incudis and the extremity of the 
short process of the incus are also covered with cartilage. 
The base of the stapes is attached to the fenestra vestibuli 
by means of the annular ligament (Plate 14); both the 
base of the staws and the border of the fenestra are cov- 
ered with cartilage. In front the annular ligament is 6^ 
times as wide as oehind (100« by 15/t) ; it is formed by 
radial ^bers of connective and elastic tissue running from 
the {lerichondrium of the margin of the fenestra to the 
base of the stapes. At the center the fibers are less com- 
pact than at the jteriphery. The minute distance between 
tlie base and limbs of the sta{>es and the mamn of the 
fenestra (0.25 mm.) explains why motor disturbances of 
the stapes are so common in ))athologie conditions. 

Jfiwcfr* of the 7h/mpnnu- Okmc/w (Plates 2, 4, 6).— The 

Btapedius muscle has a length of 5 cm. and lies within 

the eminentia pvramidalis ; it is innervated by the sev- 

. enth nerve (Politzer). Its tendon is attached to the 

■ articulation of the inens and stapes. Its action is to litl 

^ the anterior pole of the base of the stapes almve the 

I fenestra vestibuli, the annular ligament neinp; broader 

, in front than behind. It is antagani7.e(l by the tensor 

tympani muscle, which is 20 mm. in length, and is in- 
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nervated by the fifth nerve (Politzer); this muscle 
origin in the canalis musculotubariiis, on the roof 
Eustachian tube and greater wing of the sphenoid bone, 
and sends its teiidim, which measures 2.5 cm., along the 
processus ciwhlearifurmis vertically forward to the handle 
of the malleus. The tensor tympani muscle is connected 
to the tensor veli palatini and rotates the malleus inward 
and forwarti, at the same time pressing the stajiea deeper 
into tlic fenestra vestibuli. 

Mechanism, — The movements of the dssicles are con- 
trolled by ligamentous bands. The anterior ligament (rf 




the malleus connects the long process (Plate 4) with the I 
spina tympani posterior, which passes through the Gla»l 
serian fissure to the sphenoid bone. The superior ligament I 
of the malleus connects the head of the malleus with tlr" 
legmen tympani. The lateral ligament of the mallet 
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oonnecta the neck of the mulleu8 behind and externally 
with tlie upper boi-der of the notch of Rivinus (Hclm- 
holw) (Fig. (i). The 8ii(>erior ligament of the incus 
i from the body of the incus to the tegnien tym- 
pani. The limbs of the ftapeit are connected by the 
membrami obttirat«ria. The posterior txirtiou of the 
lateral ligament forms, with the anterior ligament of the 
malleus, the rotary asis of the malleus. When the handle 
moves inwani, the head moves outward, and vice versft. 
When the handle moves inwartl, its ttx»th prtwess presses 
on the corresponding tooth process of the incns, which 
lies opjKtsito and sonie\vhat more to the median side ; 
accoraingly, the bwly of the incus moves outward with 
the head of the malleus, and the long process, inward 
with the handle of the mallti^us. The short process of 
the incus being fixed, is the pivot of the ossicle. As 
the long process of the incus is shorter than the handle 
of the malleus, the effect of leverage is to force the load 
(the stapes) inward a shorter distance, but with greater 
force (Helmholtz). The maximum excurfiion of the stapes 
is fnim Vi to ^ mm,, that of the end of the handle of 
the malleus, 0.7 mm. (Bezold). If, on the contrary, the 
handle of the malleus is forced outward, — as, for instance, 
when the air pressure wilhin the tympanic cavity is in- 
creased, — the tooth process of the malleus moves away 
from that of the incus; the joint opens, and the incuB 
and stapes n-niain immovable; in tins way traction on 
the stapes and injury of the labvrinth are prevented 
(Fig. 7). 

Miatologj/ uf the TS/mpanic Muroun Membrane. — The 
tympanic cavity and its structures (Plate 13) are cov- 
ered, in the adult, by a thin layer of mucous membrane. 
In the embrj-o the investment is, on the contrary, so 
thick that the lumen of the tympanic cavity is very nar- 
I row and appeorB to W filled by a reddish plug of tissue 
(Wendt). The swelling is particularly marked at the 
promontory, and is due to the presence of mucous tissue 
beneath the epithelium similar to that found in the umbil- 
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ical i:or<], Ijfing a wide-mesbed tissue containing stellate 
cells with many bntnches. At the end of the eighth 
month, or sometimes after birth, owing to compression 
by the air that enters the tnhe during respiration, the 
intercellular substance is absorbed and the subepithelial 
tisane disappears. After the regenerative jirocess in the 
tympanic cavity is completed, the attic still contains a 
pad of raucous membrane (Phite 20). (Scbmaltz's method 




epitbeliom in ttie organ of hekrlng (ml 
ity; 2, mastoid antrum; 3, mastoid eelU; '4 
eiuimsj auaiior; meaiua; 5, Enatachian tube. 

of determining whether a child has breathed — by the pre 
encc of swelling of mucous membrane in the tympani 
cavity — is not reliable.) But even in the new-bom lot 
meshed vesicular mucous membrane may be found, a 
the adult (disposition to inflammation in the new^raniH 
In the embryo the mucous membrane on the promonto " 
consists of cuboidal cells ; elsewhere the cells are i 
Id the adult the type varies from a single layer i 
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Guboidal cpitheliiiRi on the promontory to cHiatetl eylin- 
dric cells in one or two layers on the floor of the eavity 
and in the vicinity of the tympanic extremity of the 
tube, and entirely flat epithelium resembling a string 
of b«ads on the roof of the tymimnmn, in the aditiis, 
antrum, and mastoid cells (Plate IH). The snbcpithelial 
tissue close to the bone consists of periosteal connective- 
tissue fibers, arranged in parallel rows containing few 
cells, and, at tiie surface, of loosely arranged bundles 
of connective tissue, in places containing numerous 
lymphocytes. The vessels form an irregular network 
in toe periosteal layer, and occasionally are surrounded 
by adipose tissue. Glands arc rare or altogether absent. 
Gland-like depressions are often formed by the irapillarv 
elevations of the mucous membrane near the drumhead, 
found especially in children. 

Folds and Pouches. — As the lumen of the tyrapanio 
cavity beronien enlar^;ed by the disappearance of the 
embryonal pad of mucons membrane, the mncons mem- 
brane passes over and between the ear ossicles, their 
muscles, and the chorda tympani, forming regular and 
irregular folds, pouchei^, and thread-like bands. In the 
antoposuperior and in the posterosuperior quadrant a fold 
of mucous membrane passes along the posterior surface 
of the drumhead from the tympanic ring to the handle 
of the malleus, constitntinp the anterior (Plate 2) and 
posterior tympanic folds, which lod^ the chorda tympani. 
Above, between the tympanic fohla and the dnimhead, 
are the two [Hiuches of the drumhead, the anterior of 
which ends in a cul-de-sac, whereas the posterior conimu- 
nioa&e with Prussak's space. Owingto the transparency 
of the membrane the pouches can be seen from in front. 

On the anterior surface of the drumhead (see Fig. 6), 
Wing within the notch of Rivinus, is Prussak's space 
plates 3, 20) (recessus roembranus tympanicus snpenor). 
It is btiiiiidwi in front by the flaccid jwrtion, or Shrap- 
ncll's membrane ; behind, by the neck of the malleus and 
the upper extremities of the pouches of the drumhead; 



^mI^Wv by ihv «hort proces)^ of the malleus ; aii'l above, 
dty Mw mlrml lijiintiient of the malleim. Through ujion- 
Wtt* iit tlH' liitcnil liganieut of tlie malleus PriiiiMak's 
«^v tMit) 111 II I lieu tea witli the attic, and tbrough its com- 
MttUHwliou with the pusterior puich of the drumhead 
\\ mw^hw the tympanic cavity. 

TW iittit! is divided by the head of the malleus and 
htMly of the incus into an outer and an inner segment 
ittnv Plate 3, Fig. 76). These st^ments are sometimes 
alvidwi by a fold of raucous membrane running from the 
iMmd ()f tlic malleus and body of the incus upward to the 
ttvmcn tympani (upper incudomalleolar fold, Fig. 6}. 
Tliiu fold is usually interrupted by a number of openings, 
mid passes from the anterior ligament of the malleus as 
fiir as the inner surface of the entrance to the antrum. 
Il includes within itself the superior ligament of the 
malleus and incus. If these openings arc absent, the 
antrum communicates only with the outer segment of the 
ftttic, the inner portion of the attic opening downward 
into the tymiianic cavity. The outer segment of the 
attic is bounded externally by the osseous portion of the 
posterior wall of the auditory meatus; internally, by the 
outer surface of the head of the malleus and body of the 
incus ; below, by the lateral ligament of the malleus. 
The outer segment of the attic is divided into the upper 
and lower incudomalleolar space by a fold of mucous 
membrane running horizontally from the anterior liga- 
ment of the malleus to the posterior ligament of the 
incus, and attached to the head of the malleus and body 
of the incus on one side, and the pars ossea on the other 
(lateral incudomalleolar fold, Plate 4). The lower incudo- 
malleolar sjMice lies above the lateral ligament of the 
malleus (Prussak's space) ; the upper incudomalleolar 
smce leads into the antrum along the nhort process of 
the incus. As a rule, all the various folds of niueoua 
membrane are perforated so that there is free communi- 
cation between the various s|Kices. If these folds are not 
destroyed in otitis media, eircuroscribed areas of inflam- 
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mation may occur. Thus Riippuratioii in the outer s^- 
ment of the attic may exist without involvement of the 
tympanic cavity. Pus from tlie upper tuciidomalleolar 
apaoe is likely to lind its way backward into the antrum, 
or downward into the lower iucudomalleokr space, and 
thence into Pruaaak's space, where it leads to perforation 
of Shrapnell's membrane (Plate 39, 14). tSuppuration 
within Prussak's space may extend to the tympanic 
cavity by way of the jwsterior fold. 

The tendon of tlie tensor tympani is aeeomjianied by 
a fold of mucous membnine (Plate 4). The long process 
of the incus is connected by a fold of mucous membrane 
to the wall of the promontory. The margin of the round 
window and the antrum are traversed by Itanda of mucous 
membrane. The limbs of the stajM^s are connected with 
the mawin of the fenestra ; the drumhead with the incus 
and wall of the pntmoutory. The threads of mucous 
membrane often contain oval thickenings consisting of 
noduleit of lamellar connective tissue, the so-called pedim- 
outated corpuscles (Politzer). 

6. The Eustachian tube (tuba auditiva Eustachii) 
is about 36 mm. in length, and establishes communica- 
tion between the tympanum (Plate 5) and the naso- 
{iharynx. The tym])anic opening is about 4 mm. in 
■eight and situated In the antenxsuperior portion of the 
tvmpanum ; hene^' the canal is not well adapted for 
uralnagc. It ends at the pharyngeal opening in the 
pharynx, which is about .5 mm. in height. The roof of 
the tympanum gradually merges info the upper wall of 
the tube ; the lower wall of tlie tube is bent at an angle, 
the cartilagiuomembronous tube hanging down from the 
bony margin of the eanalis museulotubariue. Accord- 
ingly the pharyngeal opening is 25 mm. lower than the 
tympanic opening. The eanalis muscntotubarius con- 
tains the bony portion of the tul>e; one-third (12 mm.) 
of the tube is Imny, the remaining two-thinls (24 mm.) 
being matie up of the i;artilaginons and membranous por- 
[ tiona, at tiie junction of which is the isthmus, the nar- 
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rowest portion of the tube (2 mm.). The cartilagino-1 
membranutis uortioii itoutiists priiieipully of a median 
groove of tarlilage, closed on its outer wide by connective 
tissue. The iilute of cartilage lies jrarjUel with the mid- 
dle line of the bwly and gradually increases in height 
from the isthmus to the pharyngeal opening, so that at J 




Fig. 9.— Treiisverap aeetion of Engtscliian tube lafler ftcbwrnlbo): 1,1 
Medinn |ilut« t>f uirtiluge ; 2. Iiouk; 3. luteral cartilage u[ tube ; 4,teiidanf 
of tnusculaB sphaDoralpinBastaphyliDUs ; 5, BalpiugophHryoge&l fbadKSl 
6, pad of fat; 7. taiDcn of tube; 8. mucous membraue; S.iuaoaus glsiid«» 
10, fold of uiDcona oienibrape ; 11, adipcne tiiisDe. 

the latter point cartilage is found not only in the media 
but also in the upper and outer, portion of the 1 
The cartilage at this point is bent like a hook fro 
within outward (hnmuliui) (Fig. 9). The upper wall d 
the tube is attached tn the base of the skull by means a 
' fibrous cartilage. Tlie course of the tube is from f' 




pterygoid process of the sphenoid bone i 
Isterul wall of the nasopharynx. In an anteropoateri 
section of the sknll, after rcmovul of the septum narium 
(Plate 12), the lateral wall of the nose is traversed bj 
the inferior, middle, and BUi(erior turbinate bones, 
between which lie the inferior, middle, and superior 
meati. Below the anterior extremity of the inferior 
turbinate is tlie month of the lacrimonanal duct ; below 
tlio anterior extremity of the middle turbinate, at the 
anterior extremity of a cleft known as the hiatus Bemi- 
lunariit, is the opening of the frontal sinus, at the poa- | 
terior extremity of which is the opening of the antrum ] 
of Highmorc, whereas in the middle, above the two, ii 
the opening of the anterior ethmoidal labyrinth. The 
poatenor ethmoidal labyrinth terminates in the upper 
meatus, and immediately beneath the roof of the nose is 
the orifice of the sphenoidal sinut;. The i)opterior nares 
(ehoanee) lead into the highest portion of the pharynx, 
the nasopharynx, — bounded below by the velum palati. 
Its nx)f is formed by the basilar portion of the sphenoid 
and occipital bones ; the posterior wall, by the atlas and 
axis, On the roof of the nasojiharj'nx is fonnd the 
pbaryngi-ul tonsil, which in the new-born is indicated by 
several sagiltal folds, continues togRiw until the third year, 
and undci^oes atrophy duriii^jr piilierty (Truulmann). It 
may become hypertntphiwl either as a whole or in lobules 
fadenoid vegetations) (Plate 21). The pharyngeal o]M?n- 
ing of the Eustachian tube is situated in the lateral wall 
of the nasopharynx, 15 mm. beneath the base of the 
skull, 10 mm. above and Ix^hind the hard palate, 15 mm. 
from the [djsterior wall of the pliarjns, and 80 mm. from 
the choaote, at the level of the [loslerior extremity of the 
superior turbinate br>nc. 

The inner mai^n of the pharyngeal opening (tubal 
fold) is pushed forward by the end of the cartilaginous 
portion of the tube; a fold of mucous membrane (mus- 
oulus salpingiipharyngous, Plate 12) juisses from its lower 
extremity to the posterior arch of the fauces, forming the 




Fio. 10. — Sphenoid bone and both temponil bones. Front vleiTr I 
ihowing tbe EusIauIiihh tnbe and its mnsclca (BchBmatiu). The tern- f 
poiBl bones »ro uidirateHl by dott«l lliiea; 1, Temiiorslboqe; S. body of ' 
sphenoid: 3, suporlioies orbitalU; 4. als minor ami 111 aU in^jor; 5. I 
Buperior orbital Hiuure ; It, lip or the petmiis pDrCion of the tempoiM I 
bone, neou through Ihc superior orbital flaaure, with part of the lermto^' J 
Toii palatini; 7. musoulas levator palatini; 8, Eastacliian tube (cartWl 
laginona portion) ; P, pterygoid proctss ; 10, miiFtcaliis tensor veli pi ' 
thii Hurromiding the hnmnlus; II, origin nf hiuschIus tennor veil pa 
tini on tlie tube, the spina aneuluriH. and the mirf^iis of the {bran 
ovale and foramen spinoeuni; 12, musculus azygos nvuln : 13, nvalBt^ 
14, palatopharyngi'Al muscles; 15, glossopalntine muacies ; 16, carotidj 
canal; IT, vrlum palati. 

yngeus Rosen miilleri), which is often fillet! with adenaiAl 
tissue. The outer margin of the oi>ening of the tube IT 
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EUSTACHIAN TUBE. 

less prominent tliaii the inner, aud fades away into the 
pliea salpin^jKilatina and mucous membrane of the 
choante. The triangular lumen of the orifice of the 
Eustachian tube ia marked betow by a prominent fold 
(the fold of the levator) that becomes intensified during 
phonation (contraction of the muaculua levator veli pala- 
tini) (see Figs. 39, 40). In the child the tube is shortor 
and more patulous tlian in the adult, owing to incomplete 
development of the cartilage. The pharyngeal opening 
is deejier, being underneath the hard palate in lue em- 
bryo. The nasMjpharynx in the new-born is about 10 
mm. in width, depth, and height. In the adult it is 20 
mm. in width and hoiglit, and 25 mm. in depth (Traut- 
mann). The muscles of the Eustachian tube arc each 
surrounded by fascia and serve to dilate the tube, which 
is usually closed (see Fig, 10), 

1. The musculus petrosalpingostaphylinus or levator 
veil pahiti derives its nerve supply from the seventh 
nerve through the great superficial jK-lrosal nerve. It 
has ite origin in the tip of tne pyrannd and floor of the 
Eustachian tube. Its course is from the fliior uf the tnlie 
to the median side of the inner lamella of the pterygoid 
process. Its insertion is in the soft [talate, and its action 
consists of dilating the month of the tube and elevating 
the velum jialati. 

2. The musculus sphcnosal pi ngcwtaphy linns or tensor 
veli pahiti derives its innervation from the otic ganglion 
of the third division of the trigeminal nerve. It h^ its 
origin in the funimen ovale, the foramen spinoaum in the 
sphennidid bone.and the hamulus uf the tube. In it*; course 
it is separated from the levator veli |)alali by the salpingo- 

ShaiTiigeal fascia, and lies to the outer side of the inner 
inielln of the pterygoid process. The tendon |>asses 
•round the hamulus of the pter^-goid pn)ces9. Its inser- 
tion is in the soft pulnte, and its iietion is to draw down 
the hamulus of the tnl>e, dilate its lumen, and elevate 
the |MiIate. 

3. The miiHcuhis nlmhens IuImc forms part of the 
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palatopharjiigeal musi^le and is supplied by the pbarji 
geul plexus of the p tie tiutogas trie. Its urigin is in til| 
tuhal fold, and its cuurse wilhiti the plicu salpiugophai 
yngoa. Its insertion is iu the posterior phan'ngeal wal 
ana its action is to draw the tuba! fold backward am 
dilate the tube. 

Bixtalogy. — The tube is covered by mucous raembranft] 
(Plate 14) presenting numerous folds in the lateral wsllsj 
and on tiif fliwr and becoming very tbiu in the bony p 




Fig. 1], — Skiagraph or the orfian or hearing, after iDJeclioi 
through Ibe Kuatafhiau tube iulo tlic cavitiea of the middle a 
GuBtucliiau tub«; the cartiluginoas portiou is dllahid by the mere 
S, CBVUDi tympaui; 3, luastoid aatrum ; 4, mastoid eells; 5, traiiav« 



tion. The epithelium consists of two layers of cylind 
cells that become ciliated as they approach the pnar; 
The cartilaginous portion and, more rarely, the i 
of the bony portion contain racemose mucous glands n 
tall epithelial cells. These glands are especially abnndi 
beneath the median plate of cartilage. 

On the sides and along the floor of the cartilagint 
;>cirtion the submucous tissue is richly supplied witn £ 



SOUyD-PERCHPTlON APPARATUS. 



the lower segment of the tube contains numerous lympbo- 
cyteB, both single and arrangeil in follicles (tubal tonsil), 
A general view of the entire middle ear is readily ob- 
tained by means of the RiJntgen rays (Fig. 11), 

(B) THE SOUND-PERCEPTION APPARATUS. 



I. The bony labyrinth is a capsule of compact bone, 
20 iiiDi, in leugth, containing within ils substance the in- 
ternal ear or membranous labyrinth. The bony labyrintli 
(Plate 1 1) is imbedded in the spongy tissue of the petrous 
portion of the temporal bone, its direction corresponding 
with the long axis of the pyramid. The only o^tenings 
are the orifices of the af|ueducts, the internal auditory 
meatus, and the windows (possible pus-cliannols from the 
labyrinth to the cranial cavity). In the new-born there 
is little sjHJugy substance in immediate contact with the 
bony labyrinth, so that tlie latter often touches the ouK>r 
surface of the petroua portion of the bone (Plates 1 and 
2). In the adult the capsule of the labyrinth is -3 mm. 
in thickness, and separated from the com)>act bone of the 
surface of the pyramid by an abundance of s[>ongy tissue, 
and comes in contact with the surface only at one or two 
places (eniinentia arcuatn, posterior semicircular canal at 
the posterior surface of the pyramid, prominence of the 
lateral semicircular canal, promontory) (pus-chaunels from 
the labvrinth into the cranial and tympanic cavities). To 
study tfie shape of the bony labyrintli it must be removed 
from the sjiongy tissue of tlic pyramid. (The spongy 
tissue forniH a piis-eliannel that may completely surround 
the labyrinth and isolate it from the bone.) In the new- 
born the internal ear may be isolated by dissection (Plate 
7). It is easier, however, especially in the adult, to dis- 
solve the bony tissue willi some corrosive substance, such 
as caustic potash, at^er filling the labyrinth with Wood's 
metal. It cjin readily be studied by means of the Ront- 
gen rays (Plate 12), or by transilhuuiuation after filling 
the labyrinth with mercury (Plate 8). 
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TliG bony labyriDth \s divided into a vostibiite thai^ 
ootiimiuiicales with the semicircular (auitl behind and 
the cochlea in front. The outer wall of tho vestibule 
forms the wall of the promontory, and is perforated by 
the two windows. Three semicircular cunals b^iii and 
end in the* vestibule; each canal is pnjvideil with an- 
ampullu. The siqwrior semicircular cauai, with its anfl 
pulla, is placed above the horizontal or external semicii^l 
cular canal, and behind the two ih the common shaft of [ 
union of the superior and posterior canals. Beneath the H 
latter lies the external canal, which overlies the ampullft-j 
of the posterior semicircular canal (Plates 7, 8). Bcneatl] 
the ampullae of the superior and external semicircnla 
canals and above the oval window is a groove for t 
seventh nerve. The external semicircular canal i 
shortest, the posterior the longest. 

Immediately in front of the n>und window in the ve8 
tibule is the beginning of the cochlea, which makes t 
and a half tnrns. It is wound about a central column — ' 
the modiolus — which is 5 mm. in height and inclines for- 
ward and downward, the apex being expanded into the 
fnnnel-shaped lamina modioli. The tip of the cochlea is 
known as the cupola ; it lies to the onter side and behind 
the knee of the carotid (median wall of canalis musculo- 
tnbarius, Plate 8), with its base directeil toward the inter- 
nal auditory meatus (Plate 11). The tirst portion of the 
cochlea is covered by jiart of the promontory and runs at 
first horizontally. After the first turn the successive turns 
are superposed vertically one above the other. When 
the sjtecimeu is laid open (Plate il), the openings of th» J 
eemlcircular canals are seen one aI>ove the other in t* 
posterior portion of the vestibule, the superior and ] 
tenor ampullae being separated fn»m the remaining portiol 
of the vestibule by the crista anipullaris. 

The vestibule is divided by a ridge of bone, the orii 
vestibuli, which begins above the oval window, into t 
circular depressions : in front, the smaller recessus sphf 
rieus (fovea bemisphisrica) ; behind, the larger reoeaa 
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elliptjciis (fovea heniielliptic^). The postero-inferior 
boundary of tlie ret'cssiis eilipticus in formed by a 
groove — the fossula Bidfiforniis — that runs tii the com- 
niou opening of the superior aud posterior semicircular 
canals, whore it ends in the npertura interna aquseductus 
vestibiili. The aqiiednct of the vestibule, which measures 
6 mm. in length (Plates 7, 8), begins ut this point and 




PlO. 13.-Ptift(rni|)1i of ninrrt.ir. .' 
Ikbyrititli haa bti-ii filled with miniirj- l,Si]ii;iii 
pontl bone; 2, OBpanle of Inbyrinth Icnmpact boucl , 
rior tBiuielrcular canal ; 5. exteniftl HtnlRiroular 
■emioircntai' camU; T, aqnieductiM ooclitew: 



ilea ; 4. flnpe- 



pusses in a convex curve to the posterior surface of the 
pyramid. In the interior ampulla, corresponding to the 
end of the fomnien singulare, is the macula cribrosa infe- 
rior, for the passage of the inferior ampullary nerve. At 
the beniniiing of the crista vestibuli (pyramid), corre- 
epondiug to the sujierior cribriform area, is found the 
macula cribrosa superior, which transmits the utricular 
I and the superior and lateral ampullary nerves. In the 
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fovea htmispliwrica, correspoDding to the middle cribri 
fitrm, is the niucuik cribrosa meiliu, for the nerve to tb«-^ 
saccule. 

The cavity of the cochlea begins in the vestibule, at ^ 
the roumi window, in a small depression known as 
the recessus cochlearis. Situated in i'ront of the crista 
ampullffi inferior is the beginning of a minute plate of 
bone, the lamina spirahs ossea. This, at first 1 mm. 
broad, gradually decreases in width as it winds around i 
the modiuhis like a spiral staircase, and ends at the apexfl 
of the cochlea in the hamulus, which projects into then 
cavity of the cochlea. The base of the modiolus t«f 
directed toward the internal auditory meatus (tractmS 

Siralis), and, like the lamina spiralis iissea (espeoiall' 
e inferior lamella), is perforated by minute canalicuj 
for the transmission of the cochlear nerves. In th»i 
central portion of the modiolus, corresponding to 1 
attachment of the lamina spiralis ossea, is the canaliaj 
spiralis, which sends out branches through the lamini 
spiralis ossea (Plate 9). 

Opposite the lamina spiralis ossea, at the end of thai 
first turn of the staircase, is another minute plate <^m 
bone, J mm. wide, the lamina spiralis secundaria, sepj 
ated from the former by a narrow cleft that lodges t 
membranous cochlea. In the macerated sjiecimen a soundj^ 
passed through this cleft cmei^es below at the rouaif' 
window {Plate 9). Above the end of the first turn tb( 
lamina secundaria disappears, and the cleft gradualm 
becomes enlarged to form the space between the lamioi 
primaria and the outer wall of the cochlea. If 
imagine this cleft to be filled with bone, as in snails, ( 
turn of the cochlea would be divided into an upper a 
a lower staircase or scala. The upper staircase (Plate S, 
would begin in the recessus coclilearis vestibuli, utt 
therefore form the scala vestibuli ; the lower, at 1' 
fenestra cochlcEe, and would therefore form the i 
tympani, leading to the tympanic cavity. At the foottt 
tjie scala tympani lies the apertura interna aqueduct 
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cochlcto. This canal, whiuh is 10 mm. in teogth, runs 
from this puint horizontally and somewhat downward, 
and tfrminiito hy a t'lnuiel-shaixHt o[>ening at the poatero- 
interior fiiirlaif of thi' |iyriimid (I'latf 8j. 

2. The membranous labyrinth, which more or 
less resembles a small bladder, is suspended within tlie 
bony labyrinth by means ut' tibrous bands at the points 
where the nerve-tibers enter tlio labyrinth. It consists of 
the Bacoulus on the median wall of the vestibnle, the semi- 
circular canals on the external convex wall, the mem- 
branous cochlea between the lamina spiralis ossea, pri- 
tnaria and secundaria, or between the lamina primana 
and the outer wall of the cochlea (Plate 9). The interval 
between the bony and the membranous labyrinth is occu- 
pied by perilymph, a clear fluid containing mucin and 
albumin — a product of the capillaries situated in the 
walls of the stairc^ase outside of the membranous cochlea. 
The cavity of the membranous labyrinth contains the 
endolymph, a tenacious mucoid fluid not containing albu- 
min, ana a product of the stria vascularis. The endo- 
lymph has no outlet, as tlie aqueduct of the cochlea that 
contains it terminates in the saccus endolymphatic us, a 
cul-dc-sac 1 cm. in length formed by the two layers of 
the dura on tlic posterior surface of the pyramid (pus- 
cliannel from the labyrinth to the dura mater) (Plate 5). 
The perilymph, on the contrary, flows through the aque- 
duct of the cochlea into the subarachnoid space and also 
oommunicatea with the subdural space by means of the 
sheath of the andittiry nerve (ptis-channel from the 
labyrinth to the subaraehnnid and subdural spaces). 

The brain ia covered by three membranes, the inner- 
most of which is the pla mater, the outermost the dura 
mater, while between them lies the arachnoid (Plate 10, 
Fig. ]H}. Between the brain and the pia mater is the 
^opioerebr&l b|hu« ; l>etw«;n the pia mater and the arach- 
noid lies the subarachnoid spaw, filled with loose connect- 
ive tiBsne ; between the arachnoid and dura, the subdural, 
Ud between the dura and the bone, the epidural, space. 
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Tilt' opiJurnl uiiJ subdural spaces comnitiulcate l.j .^^^..a 
of lymiih-Bjsaces aud pnicoBees of the uraclmoUI with the 
subarachnoid space. The processes of the arachnoid often 
lead directly into the eiiuises of the dura mater. The 
siibarachDoid space communicates with the ventriclea of 
the brain and the lymph-channels of the 
clianoels). 

The central portion of the membranous labyrinth c 




Fid. 13. — Diagram miitic view of the membranous lahyrintb in iM 
nlation tu the menliiges. Right ear. seen frutii lieliiiid. E. p. Epidural 
■pace; K, bane; /', perilympb ; E, eiidulyiupli ; D, dura mater; A, 
ancbnoid; S, d,nabdan\ apart; A d, Bubantclinoid Bjiace; P.pia mater; 
1, (luttas sndolyuipbsticaB : 2, sacuas endolymphaticaa; 3, aquEedjctUi 
eochlete ; 4, tag of arachuoid tiHue ; 5, tronHverae siolia. 

pies the vestibule (Plate 9) and consietB of two portions, 
the sacculiis, lying in the fovea hemisphierica, and the 
utricnIuR, in the fovea hemielUptica. The [xisterior walls 
of the saccule and utriule are closely applied to the bone ; 
between their anterior walls and the bone (promontory) 
is a cleft 2 mm. in width whieli contains perilymph (cis- 
terna perilymnliiitica) (Plate 14). The utricle measurea 
6 mm. in heiglitand cJimmunicatesby means nf its npper, 
drawn-out portion (recessiis), its central portion (utrieu- 
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Ills proprius), and it» posterior portion (siniia posterior), 
with the three amniillie and tlie two limbs of the mem- 
hratKttis aeinicircular oanals (ductus semicircnlaria). On 
its upper surface is a whitish, oval spot, the macula 
aoustica utricidi, which corresponds with the nerve- 
ending of the utricular nerve. The membranous semi- 
circular canals fill one-third of the bony lumen, and 
present, on their ampulla, three creseentic ridges, the 
oristffl acusticis ampullares, corresponding to the endings 
of the superior, lateral, and inferior anipuUary nerves. 

The communication between the utricle and saccule iB 
not a direct one, but is eSected by means of a canaliculus, 
the ductus utrioulosaccularis, which begins behind in the 
recessus utriculi and ends in the ductus eudolymphaticus 
coming from the saccule. Thesacenle is li mm. In height; 
its upper portion lies directly in front of the recessus 
utriculi, and is marked on its upper surface bv a whitish 
spot, the macula acustioa sacculi, corresponding to the 
ending of the saccular nerve. The ductus endolym- 
phatious begins in the posterior wall of the saccule, and, 
after receiving the canuHs utriculasaccularis, terminates 
in the bony aqu^ucLus vestibuli. The lower extremity 
of the saccule is drawn out into a canaliculus 1 mm. in 
length, which terminates in the upper portion of the 
membranous ductus cochletc. This canaliculus is known 
an the ductus reuniens Hen^enii. It transmits the endo- 
lymph from the saccule int^t the membranous ductus 
ooohlearis, which lies between the lamina spiralis ossea 
anil the outer wall of the cochlea, and divides the cochlea 
into the upper scala vestibuli and lower seala tympani. 
The scaliB contain perilvmph. The membranous cochlea 
therefore differs sonnswhat from the osseous ; it represents 
a hollow ribbon rolled up in a spiral and fills only a 
small iMirtion of the bouy cochlea. The ductus cochlearis 
cmis blindly in the recessus co<:hleoria (e«cum veetibulare) 
below, and in the siime way a)>ove in the tip of the 
CKihlcn at the hamulus (ciecum ojipillnre), so that the 
endolymph that it contains is completely shut in. The 
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ctecum capiilare dops net complek'ly fill the 
between the hamulus nnd the loj) nf the mudioh 
ends at the tip of the huniiilus, leaving u,n 0}>cuiDg to the 
inner side of the hnmulns between it and the top of the 
modiolus, the helicotrenia (Plate 9). Tlinuigh this open- 
ing the perilymph flows from the scala vestibuU down 
into the seala tymjiani, at the foot of which it strikes 
against the membniDe of the round window. 

In transverse section the ductus cochlearts appears tri- 
angular (Plates 9, 14). Its lower wall forms the mem- 
branous contiuuutiou of the lamina spiralis ossea, and 
consists of radial flbera (lamina ba.siiaris) stretched be- 
tween the lamina spiralis ossea and the outer wall of the 
cochlea or lamina spiralis secundaria below. The fillers 
uf the basilar membrane increase in width about twelve- 
fold from the base to the tip. The upper wall is tbrmed 
by a membrane (membrana vestibularis Ueissneri) of 
uniform length, which parses from the end of the lamina 
epiralis ossea at an anple nf 45 degrees obliquely upward 
to the outer wall of the cochlea. The outer wall forms 
the periosteum of the outer wall of the cochlea, which 
increases in height toward the top. The basilar mem- 
brane supports the nerve-endings of the auditory nerve, 
known as Corti's oi^n ; the ctecum vestibulare ana caecum 
capiilare have no nerve-endings. 

3. The auditory nerve has six endings in the mem- 
branons labyrinth.: Corti's or^n,the macula acustica sac- 
culi, macula acuatica ntricidi, and the crista ampullaris 
superior, lateral, and inferior. Accompanied by the fiieial 
nerve and intermediate portion, which lie above, and the 
internal auditory artery and vein, the auditory nerve, 
covered by a sheath of dural and arachnoidal tissue, 
enters the poms and meatus acusticus internus, where 
it divides into two portions, each provided with ganglia; 

(a) Tlie vestibttlar portion, consisting of bundles of 
nen'e-fibers that enter thniugh the o]wnings in the 
macula cribrosa, and througli the foramen singulare, 
with a superior branch (nervi utriculans, ampullaris 




suprior et lateralis), and a middle brancb (nerviis sac- 
oiilaria and iierviis anipulliiriii inferior), each siiiiplied 
with a. gangliunic swelling (intiinvescentiu gnngliolbnijis 
Scarpi). 

(4) The lower flattened cochlear portion, wliicli enters 
the central and spiral canal uf the mu<liohi»< ihnmgli the 
foramen centrale and the tractns spiralis foraininosus. 
Within the spiral <»nal the cochlear nerve forms a spiral 
ribbon of ganglion cells (ganglion spirale cothlese Rosen- 
tbali) containing oval and ronnd bipolar ganglionic ele- 
ments. These ganglia are connected by mcdullatcd 
nerve-fibers, derived fr()m the cochlear nerve within the 
central ainal of the modiolus, whi<rh puss ont between the 
lumellie of the lamina spiralis osscu. Hero they form at 
first a loosc-meshi'd ami then a more contjTiU't network of 
nerve-fibers that finally emerge as non-mediillated fibers 
throngh the o]>eninga in the periosteal thickening at the 
mat^in of the lamina spiralis osaea (habenula), and ter- 
minate in the Imsal inenmrane (Plates 9 and 14). 

The auditory nerve enters the cerobrnm to the outer 
side of the facial, between the latter and the elnssophar- 
yngcal, and Iwtween the mednlla oblongata and the pons. 
The central portions of the cochlear and vestlbnlar nerves, 
like the peripheral, follow n separate course. The cochlear 
nerve nins to the outer side of the resliform body and 
enters the accessory auditory iiuclous, which lies in close 
contact with the trunk of the nerve and contains the 
tuliercutinn aetisticum, lying on the corpus restiforme. 
Here the fibers divide into two tracts, the one running 
downward and inward, toward the ventral and median 
surfaces of the bndn, the i>thiT upward. In a dorsal direc- 
tion, around the restiforni body (Fig. 14). Part of the 
ventral tract passes througii the traiw/.oid body to the 
superior olive of the same side, the greater portion cross- 
ing over and entering the superior olive of the opposite 
siile. From the olive the fibers go to the lateral fillet, 
and friim there to the posterior, a few to the anterior, 
corpus ([Uadrigcminuni, which also contains the origin of 
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the oculomotor fibers. From the corpora quadrigemiDa 
they pass through the median geniculate hody to the pos- 
terior mrt of tne inner capsule, and from there to the 
eortirail cells of the superior and middle couvolutions of 
the temporal lobe (Olwrsteiner). The dorsal tract, em- 
bracing the fibers that surround the corpus restiforme 
(striie acuaticie), is non-medullated and passes under the 
floor of the fourth ventricle toward the raphe, the greater 
portion undei^iiing decnsiiation and going to the tegmen- 
tum, after which they possibly proceed to the optic thala- 
mus, and finally to the superior olive, which also contains 
reflex nerve tracts for the ocular muscles. The superior 
olive communicates with the nucleus of the almncens 
nerve, which supplies the external rectus, and with the 
nucleus fastigii of the cerebellum. 

The mciliau vestibular [)ortion runs to the outer side 
of the restiform body. A few filaments enter the triangu- 
lar (dorsal) nucleus, from which fibers go directly to the 
cerebellnra and to the tegmentum. The greater portion 
of the fibers enter the large-celled nucleus on the outer 

PlO. 14. — Diagrammatic view of the entin onran nt hsaring. (Tha 
oantnl orinn is hwH on a diaersm by OberatoinrT.) Left e»r: m. t, 
Dramhead ; r.l. tympanic cafity nitb onsicle*. and stapes Trithin the 
roUD'l window;/.!-, rnnmtra conhleie; ■. (. ncala tymjiani ; B.C. aqnn- 
durtus rocbipBr ; R. ondalvmph; P, ^rllympb; 'rt utrirular branch; 
(d} anterior »nd eitcmal ampnllary twiirs; Lanriclc; 2. eitenial andl- 
torjrciknal; 3. EaRtachfan tobe; t, iwrniHrrular ranaln: H, perilymph; 
6. utricle; 7. aarcnie; S, dnctnii eoehloHn; 0. aaccaa cndulymphaticuB ; 
10, Internal auditory mealaa; 11. median, deep poiiinn of anditory 
nerre - VMtibiilar nerve ; I, liitomejicentia |nln(riioronnls ScarpK <>' the 
median hmnch (nervus mcculo-ampuItariBl ; (a) urcular branch, trmna- 
mitted hy macula oribrnaa media; ib) poaterinr ampnllary branch, trans- 
mittnl by foramen ninRiilare and maculn cribrooa infrrior ; II, intamna- 
oeDtia itan Pit inform i* nf the anperiur branch (nervnii utricalo-amptillariB), 
Iransmltlnl by mu'iila cribrwia niiperior; II (nl lateral Bnperflcial por- 
tion of auditory nerre, corhlfBr nerve (ramuB inferior acniitieDR, trana- 
mitlrd by It«c(us foramiiinsui) ; I'i, trapeaoid body ; 13. raphe; 14, pyia- 
miil; in, aeeenory nneleua; 16. olive; 17. tennenlum ; IR. olive; 10, 
Deit«re' Dnclcan; 90, cnrpua nMlIforme ; 21. tuberrnlnm acoaticDm ; 23, 
trlanirntar nncleUB; 83, Muod.rod ; 34, mcdnlla ohlntimla; !G. cerebel- 
lar twrtei; Sfl, lemnlncati tatrralis; 97. corpna qnadriecminnm la) ante- 
rlna. <A< poslerlua; 3S, median ecnicalate iniitlion ; 30, optic thalamna; 
30. iiitpninl capnnle; 31, Icntiform nticleus; 38. clamtmm: 33, ua data 
nadana; U, loiDporal lobe; 39, cerebral «ortez. 
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skle of the restiform bodv. The latter is divided into I 
DeittTs' nucleus un the floor of the fourth veutriele, and 
Bechterew's Ducleus, situated dorsally in (he laterul wall 
of the ventricle. From the large-celled nucleus the 
fibers pass to the crus cerebetli and vermifurm process 
of the cerebellum, a small portion going to tlie tegmentum J 
and trapezoid l)o<ly, Deiters' nucleus is connected with J 
the nucleus of the abducens nerve. 

HiatologT' — The endosteum of the inner wall of the 
bony labyrinth is covered by endothelium (Plate 14). 
The walls of the membranous labyrinth consist of 
fibrillary connective tissue, in places containing numer- 
ous cells and a structureless basal membrane that in the J 
semicintular canal forms ]>apillie (Plate 86) and is coveredl 
by a thin squamous epithelium. The saccule, the utricle^ 
and the semicircular canal are attached to the bone byM 
bridges of vascular connective tissue. The muculte 
tica> are richly supplied with blood-vessels. In the vicinity! 
of the nerve-endings the squamous epithelium become^J 
cuboidal, and at the nerve-endings themselves i 
the high cylindric type of special sense epithelium. Nei 
the maculic and crista acusticffi are tne bottle-shap< 
auditory cells supplied with delicate cilia, and cylinai 
siistentacnlar cells with their nuclei lying near the I 
The base of the auditory cells is surrounded by the neb- 
work of non-medullated nerve-6bers of the vestibulni 
nerve. 

At the cristEe acusticie the auditory cilia are extremeljii 
long and often glued together with mucus (cupola); 
the maciils acusticte the auditory cilia are covered byl 
a dense mass (otoconia) cnm^wsed of white hexagonua 
crystals of calcium — the otoliths. The cavity of tbal 
bony cochlea is lined by a laj-er of periosteum coveped,''J 
with endothelium that becomes thicker near the end of ■ 
the lamina spiralis ossea and corresponding portion of ■ 
the wall of the cochlea. At the end of the Ian ' 
the periosteum forms the limbus spiralis, with an uppi 
(labium vestibulare) and a lower (labium tympanicui 
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lip. Between the two lies the sulcus spinili» int^rniia. 
Ob the oiit^^r wall of the cochlea thf thickening forms 
the ligaruentiim spirale cochleae. The iigumeiitiim Rpimle 
eonaistH of lowe connective tissue covered with cuboidal 
epithclitim ; unilernenth and within the epithelial layer i.t 
a network of hi ood- vessels, the stria vaNciilaris, from 
which the endolvmph is derived. At one point it ])ro- 
tnides and forms tiie prominentia spiraliH, which overlies 



the snlcuH spiralis extcrnus (Plate 14). The menihrana 
vestibnlaris Reissneri consists of connective tissue, cov- 
ered above by endothelium and below by snuamoiia 
epithelinm. The basilar membrane is stretctied between 
the limbus spiralis and the lignmentnm spirale. The 
limbiis spiralis consists of tou^h periosteal connective 
tissue forming hemispheric {tapilUe (Hnschke's auditory 
teeth) at the labium vcstibidnro, imd covered witli cylin- 
drio epithelium. The labiutu vestibulare is connected 





with the labium tympani by mttans of the sulcus spiral! 
intfrnus, which ii^ covered with squamous epitheliunktl 
The labium tympani presents from 3000 to 4000 open-) 
ings, the foraiuiim nervina, in the habeuula perforatarj 
(Waldeyer), which transmit the fibers of the ctxshlear 
nerve to the bai^ilar membrane ; the latter consists of 
radiallr striated fibers (the atiditory fibers) that increase 
in wiath twelve-fold fnim the base to the top. The 
lamina basilaris, or zona tecta, near the limbus spiralis, 
supports Corti'e organ (oi^num spirale). To tlie outer 
side of the oi^n the striped basilar membrane is denuded! 
(zona pectinata). The under surface of tlie basilar 
bmne is covered by a loose layer of connective tisauB' 
(tympanic covering) containing veins (vas spirale). ThiiJj 
layer of connective tissue is oovenni with endothelium,, 
but the basilar membrane within the ductus cochlearu 
supports the highly specialized epithelium knowu . 
Corti'a organ. Where it joins the sulcus spiralis itt--^ 
tern us, this is composed first of cvlindric suatentaculars 
cells, then of the inner ciliated liair-cell and Corti'n I 
arch (arcus spiralis). The latttr is formed by the in- J 
temal pillar of Corti, the concave head of which rests j 
against the convex head of the external pillar. Th« j 
corners of the tunnel are rounded out with susteutacnlar;! 
cells. To the outer side of Corti's arch are four (in ths'J 
guinea-pig three) cylindric ciliated hair-Ktells, sepamted^^J 
and supported by four club-shaped Deiters' cells ; tbOd 
spaces between the latter and the hair-cells form NiiSlVid 
space. The outer hair-cellsand Deiters' cells are oovered'j| 
by a strip of cuticle, the membrana reticularis, throng 
which the anditory hairs project. On the outer sioi 
Deiters' cells are joiuetl by high cylindric transitionat J 
epithelium fextcrniU sustcntacular cells of Hensen), an 
these by a lower variety (Claudius' cells), which fioal^ 
merge into the epithelium of the zona pectinata and eulot 
spiralis internus. A delicate membrane, the membmn 
tectoria, extends from the labium restibulare and limbiu 
spiralis as far as the outer hair-ccUa, covering over Corta'c^ 
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oi^n. The mwlullated nerve-fibera of the cochlear 
nerve, covered with the sheath of Schwann, pass through 
the ganglion spirale, which consists of l)i|K>lar gnnglion 
cells ana an endothelial envelo|)e conljiining many nu- 
clei, and enter the lamina spiralis ossea and the limbuB 
spiraliw. In the latter structure they pass through the 
lahium tegmentum as naked axis-cylinders, and join tite 
inner hair-eells, some passing throngh Ciirti's tunnel to 
tln! oilier hair-cells, around the base of which they form 
a baskel-wurk. 
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ANATOMY. 



ctecum capillaro does not completoly fill the space 
betwoeu the hamulus and the top of the modiolus ; it 
ends at the tip of the haniiilue, leaving an opening to the 
inner side of the hamulus between it and the top of the 
modiolus, the helieotrenia {Plate 9). Through this open- 
ing the jjeril^niph flows from the Hiala vestibuli down 
into the scala tympani, at the foot of which it strikes 
against the membrane of the round window. 

In transverse section the ductus cochlearis apwars tri- 
angular (Plates 9, 14). Its lower wall forms the mem- 
branous contin nation uf the lamina spiralis ivssea, and 
consists uf radial fibers (lamina busilaris) str(!t<;hed be- 
tween the lamina spiralis ossea and the outer wall of the 
cochlea or lamina spiralis secundaria below. The fibers 
uf the basilar membrane increase in width about twelve- 
fold from the base to the tip. The upper wall is formed 
by a membrane (membmna vestibularis Reissneri) of 
uniform length, which passes from the end of the lamina 
spiralis ossea at an angle of 45 degrees obliquely upward 
to the outer wall of the cochlea. The outer wall forms 
the periosteum of the outer wall of the cochlea, which 
increases in height toward the top. The basilar mem- 
brane supports the nerve-endings of the auditory nerve, 
known as Corti's organ ; the caecum veslibulare and ciecum 
capillare have no nerve-enilings. 

3. The auditory nerve has six endings in the mem- 
branous labyrinth; Corti's organ, the macula acustica sac- 
cnli, macula acustioa utriculi, and the crista ampullaris 
superior, lateral, and interior. Accompanied by the facial 
nerve and intermediate portion, which lie above, and the 
internal auditory artery and vein, the auditory nerve, 
covered by a sheath ()f duml and arachnoidal tissue, 
enters the poms and mejitus aciisticus intemus, where 
it divides into two porlions, each provided with ganglia : 

(n) The yestibiilar portion, consisting of bundles of 
Derve-fibera that enter through the uiioniiigs tn the 
macula cribrosa, and through the foramen singulars, 
rith a superior branch (nervi utricularis, anipullaria 
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superior et lateralis), and a middle branch (nerviiH sac- 
otilaris aud nerviis ampullaris inferior), each supplied 
with a ganglionic swelling (intume^ieentia gangliofbrmis 
Scarpi). 

(6) The lower flattencti cochlear portioii, whifh enters 
the central and spinil canal of the moflioltis thmugh the 
foramen centralc and the tnictiis spiralis foraminosus. 
Within the spinil canal the cochlear nerve forms n spiral 
ribbon of ganglion cells (ganglion spirale eochU'w Rosen- 
tliali) containing oval and round bipolar ganglionic ele- 
ments. These ganglia are connected by mediillated 
nerve-fil)crs, derived from the cochlear nerve within the 
central canal of the modiolus, which pass ont between the 
lamellse of the lamina spiralis ossea. Here they form at 
first a loosc-meshed and then a more eonn«ict network of 
nerve-fibers that finally cmci^e as non-medullated fibers 
through the openings in the periosteal thickening at the 
margin of the lamina siiiralis ossea (habennla), and ter- 
minate in the basal memnrane (Plates 9 and 14). 

The auditory nerve enters the cerebrum to the outer 
side of the facial, between the latter and tlie glossophar- 
yngeal, and between the medulla oblongata and the pons. 
The central portions of the cochlear and vestibular nerves, 
like tlie peripheral, follow a separate course. The cochlear 
nerve runs to the outer side of the reslifomi hiKly and 
enters the accessory auditory nucleus, which lies in close 
contact with the trunk of the nerve and contains the 
tuherculum acusticum, lying on the corpus restiforme. 
Here the fibers divide into two tracts, the one running 
downward and inwanl, toward the ventral and median 
surfaces of the hmin, the other upward, in a dorsal direc- 
tion, around the restiform bwly (Kig. 14). Part of the 
ventral tract jiasees through the trajtezoid bixly to the 



BUpcrior olive of the same side, the greater ixtrtion cross- 
ine over and entering the superior olive of the opposite 
Frum the olive the fibers go to the lateral fillet, 



and from there to the poatorior, a few to the anterior, 
corpus quadrigeminum, which also cotilaina the origin of 
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the oculiiniotor fibers. From the corpora quadrigemins 
they ]>a8s tliroufjh the median geiiieulate body to the [loa- 
terior part of trie inner capsule, and from there to the 
cortical cells of the superior iind middle convolutions of 
the temi>oral lobe {Obersteiner), The dorsal tract, em- 
bracing the fibers that surround the corpus restiforme 
(fltri» acusticie), is nou-modnllated and passes under the 
" r of the fourth ventricle toward the raphe, the greater 
portion undergoing decussation and going to the tegmen- 
tum, after which they possibly proceed to the optic thala- 
mus, and finally to the superior olive, which also contains 
reflex nerve tracts for the ocular muscles. The superior 
olive communicates with the nucleus of the atxlncens 
nerve, which supplies the external rectus, and with the 
nucleus fastigli of the cerebellum. 

The median vestibular portion runs to the outer side 
of the restiform body, A few filaments enter the triangu- 
lar (dorsal) nucleus, from which fibers go directly to the 
cerebellum and to the tegmentum. The greater portion 
of the fibers enter the lai^-celled nucleus on the outer 



Fio. 14.— DiiBramniBtie v\r.w of the entire orsnai of hemring. (The 
nentnl orK&n is hucri ou i diKram by OberateiiiCT.) Left ou: n. I, 
Drumhead; c, 1. tympanic cavity with ossicles, and atapea within ths 
Toanri window; /. •■, fenentn cwhleie; i.t. acala t;ftiipani: ».f. aqiu»- 
dactnn cochlcv ; E. endolymph ; P. perilymph ; fr) utricular branch ; 
(d) anterior and external ampullary twijis; I.aarir.le; 3. external andl- 
tory canal ; 3, Eustachian tnbe; 4. n'tnicireular canals; 5. perilymph; 
8, atricle; T, saccule; 8. dncta« cochlearis ; 9, saccua endolympbaticus; 
10, Internal auditory meatni; II. medUn, deep portion of anditory 
nerro — TMtiboUr nerve; I. iiitninefweiitia Eanjiliofonuis Scarp* of tba 
median branch (nerrus nrculn-ampiillarin) ; (d) eaMnilar branch, trans- 
inltl<<d by macula oribrosa media; (b) posterior ampullary branch, trane- 
mlttrd by rnrauien siBRulare and macnla cribroaa inferior; tl. intnmM- 
rontia BanBlioformis of the ■npcrior bmnch 'nervns n trlculo-ampnllaris), 
Iranimitted by macnla cribrmia unporior; 11 (nl lateral auperfloial poF' 
tlon of anditiiry nerve, corhlcaT nerve Iraman Inferior acniiticns, trana- 
nittod by tnctaii foraminoaus); I^ trapeeoid body; 13. raphe: 14. pyrv 
mid; IS, acROMory nucleus; IR, olive; IT, temnenlnm: IS, olive; 19^ 
Ddtera' nucleus : 20. corpus resliforroe ; 21, tuberciilnm acnstlcum ; 23, 
triangnlar nnclcns; 23, sonnd-rod ; 34, medulla oblcmnta; 3f>. cerebel- 
lar cortex ; 26. lemniifuK lateralis; 37. corpus qnadrieeminnm lot ante- 
rlns, (tl pniteriiie: 38, median Rcnivulate iranitlion; SS, opiio thalamus; 
SO, internal Pap^ulc: ,^1, Icntiform niiclHua; 32, cluustrum ; 33, caudato 
BQOlcna; 34, toinporal lobe; 3G, cerebtal cortex. 
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side of the restiform body. The latter is divided i 
Deiters' nucleus on the floor of the fourth ventricle, andt 
Bechterew's nucleus, KJluaied dorsally iu the lateral wall 
of the ventricle. From the large-celietl nucleus the 
fibers pass to the crus cerebelli and vermiform process 
of the cerebellum, a small portion going to the tegmentum 
and trapezoid body. Deiters' nucleus is connected with 
the nucleus of the abducens nerve. 

Histology. — The endosteum of the inner wall of the 
bony labyrinth is covered by endothelium (Plate 14). 
The walls of the membranous labyrinth consist of 
fibrillary connective tissue, in places containing numer- 
ous cells and a sti^ctureless basal membrane that in the 
semicircular canal forms }Mipillje (Plate 36} and is covered 
by a thin squamous epithelium. The saccule, the utricle, 
and the semicircular canal are attached to the bone by 
bridges of vascular connective tissue. The macula' acus- 
ticje are richly supplied with blood-vessels. In the vicinity 
of the nerve-endings the squamous epithelium becomes 
cuboidal, and at the nerve-endings themselves assumes 
the high cylindric type of special sense epithelium. Is'ear 
the macule and crista; acusiicie are the bottle-shaped 
auditory colls supplied with delicate cilia, and cylinaric 
sustentacular cells with their nuclei lying near the base. 
The base of the auditory cells is surrounded by the net- 
work of non-medullated nerve-fibera of the vestibular 
Derve. 

At the cHstffi acusticte the auditorj- cilia are extremely 
long and often glued together with mucus (cupola); at 
the macuIiG actisticse the auditory cilia are covered by 
a dense maiss (otoconia) com])osed of white hexagonal 
crystals of calcium — the otoliths. The cavity of the 
bony cochlcji is lined by a layer of periosteum covered 
with endothelium that becomes thicker near the end of 
the lamina spiralis ossea and corresponding portion of 
the wall of the cochlea. At the end of the lamina ossea 
the periosteum forms the limbus spiralis, with an upper 
(labium vestibulare) and a lower (labium tymiianicura) 
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lip. Between the two lies the sulcus spiralis int^rniis. 
On the outer ^vail of the cooliltra the liiitrkeiiiug t'lirnis 
the ligameatum spirale cochlea. The ligiimetitiim spirale 
consists of loose connective tissue covered with cuboidal 
epithelium ; underneath and within the epithclinl layer is 
a network of hiood-vesaels, the stria vascularis, from 
which the endolyniph is derived. At one ix>int it pro- 
trudes ami I'urms the pruminentiu spiralis, which overlies 




the sulcus spiralis externus {Phite 14). The membrana 
vestihnlaris Reissneri conaists of connective tissue, cov- 
ered above by endothelium nud helnw by squamous 
epithelium. The basilar membrane is stretched Iwtwccn 
the Itmbus spiralis and the ligameutum aidrale. The 
limbus spiralis consists of toujfh periosteal connective 
tissue forming hemiMphoric paplllte (Huschke's auditory 
teeth) at the labium vestibiilare, ami covered with cylin- 
drio epithelium. The labium vestibukre is connected 



with the labium tympani bv means of the sulcus spiralis 



which i 



iver«I with i 



epithet 



I 



interims, 

The labium tympani prt'sents from '6WO to 40U0 open- 
ings, the foraiuinn nervina, in the habcnula perforata 
(Waldeyer), which transmit the fibers of the cochlear , 
nerve to the bai^ilar membrane ; the latter consists of , 
ratlially etriatetl fibers (the auditory fibers) that increase >\ 
in width twelve-fold from the base to the top. The I 
lamina basilaris, or zona tecta, near the limbus spiralis, | 
Bupports C.'orti's organ (organum spirale). To the outer j 
side of the organ the striped basilar membrane is denuded I 
(zona pectinata). The under surface of the basilar mem- 
brane is covered by a loose layer of connective tissue j 
(tympanic covering) containing veins (vas spirale). This | 
layer of connective tissue is covered witli endothelium, 
but the basilar membrane within the ductus ctichleuiiB | 
supports the highly specialized epithelium known , 
Corti's organ. Where it joins the sulcus spiralis in- ' 
ternus, this is comjiosed first of cvHudric sustentaculor 
cells, then of the inner ciliated liair-cell and Corti's 
arch (areus spiralis). The latter is formed by the in- 
ternal pillar of Corti, the concave head of which rests 
against the convex head of the external pillar. The 
corners of the tunnel are rounded out with sustentacula! J 
cells. To tlie outer side of Corti's arch are four (in the J 
guinea-pig three) cylindric ciliated hair-cells, separated.! 
and supported by four club-shaped Deitere' cells ; tho'l 
spaces between the latter and the hair-cells form Nu6l'».W 
space. The outer hair-cells and Deiters' cells are covered'/ 
by a strip of cuticle, the mcmbrana reticularis, ibrougb I 
which the auditory hairs project. On the outer sidoM 
Deiters' cells are joined by high cylindric transitional I 
epithelium (external sustcntacular cells of Henscn), and>1 
these by a lower variety (Claudius' cells), which finalljr J 
mei^ into the epithelium of the zona pectinata and sulcuaiJ 
spiralis intornus. A delicate membrane, the membraiu ' 
tectoria, ext^-nds from the labium vestibutare and limbuaj 
spiralis as far as tJie outer hair-cells, covering over Corti*^ 
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oi^n. The miHliillatefl nerve-fibers of the cochlear 
nerve, fovured with the t^heath of Schwiinn, pass through 
the ganglion spirale, which con»Ista of bipolar ganglion 
cells and an enilothelial envelope containing many nu- 
clei, and enter the lamina t-pimlis ossca and the limbug 
spimlis. In the latter Btniclnre they pass tlirough the 
labinm tegmentum as naked nxifi-cylinders, and join IIk; 
inner hair-oells, some jwissing thningh Corti's tunnel to 
the outer hair-eclls, around the base of which they form 
n basket-work. 
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EMlinrOLOGY AND COMPARATIVE ANATOMY, (il 
C. EMBRYOLOGY AND COMPARATIVE ANATOMY. 

TiiG auricle is formi'd (at the end oi' the first muath) 
from six auricular prutiiborancew (three glenoid, tliree 
bvoid), which are formed in tlic ueighburhoud of the first 
pharyngeal cleft iu the upper lower jaw and lower hyoid 
arch, and from a fold appearing behind it (free ear fold) ; 
the embryonic auricle shows the satyr point at the top, 
the Darwinian tip above and behind, the angular curve 
of the helix below and behind. The external auditory 
canal arises at the interior [lartitiou of the auricular pn>- 




Fio. 18.- ... .__ _ 

protDbemici«:4, 5,6, Ljuiii autkiil.ir iitutuborauco ; 7,n, 4. r, frpu fold of 
therar; l.lrKgiia; S, cruit hi-licb; :i, lii-lixascuiidi^iis; 1, riuianthellcU 
inferioniE; li, cymba aonohs; 6. Hiititnjcus: TdiCruBBUperioauB >atheti<?la 
•nd kntihellx; Tl>, bolix; 7e, lobu; B, IHrwinian pntabersnce ; 9. in- 
dstin lutertngie*; 10, trtanguIirrcNUB; ll.Bophi; IS, cavuiii concho. 

tuberance, and from the gelatinous closing lamina of the 
pharyngeal cleft, the drunihtad, which becomes attenu- 
ated ialpr on. The labyrinlh i^ formed (at the end of 
tlie first month) above the first pharyngeal cleft, beside 
the raetencephalon, by segmentalion of a hollow vesicle 



with tlie labium tympuni by iiieaii^ of the sulcus spiralis ' 
internus, which is coveretl with stiuamous epithelium. 
The labium tymiian! preseiitH from 3000 to 4000 open- 
ings, the foraniiiia nervina, in the habeiiula perforata 
(Waldeyer), which transmit the fibers of the cochlear 
nerve to the basilar membrane; the latter consists of 
radially striated fibers (the auditory fibers) that increase 
in width twelve-fold from the base to the top. The 
lamina basilaris, or zona tecta, near the limbus spiralin, 
flupiwrts C'orli's organ (organum spirale). To the outer 
side of the organ the striped ba.silar membrane is denuded 
(zona i>ectinata). The under surface of the basilar mem- 
brane is covered by a loose layur of connective tissue 
(tympanic covering) containing veins (vas spirale). This 
layer of connective tissue is covenil with endothelium, 
but the basilar membrane within the ductus cochlearis 
supports the highly specialized epithelium kuowu as 
Corti's organ. Where it joins the sulcus spiralis in- 
ternus, this is composed firiit of cvlindric sustentacular 
cells, then of the inner ciliated nair-cell and Corti's 
arch (areus spiralis). The latter is formed by the in- 
ternal pillar of Corti, the concave head of which rests 
against the convex head of the external pillar. The 
corners of the tunnel are rounded out with sustentacular 
cells. To the outer side of Corti's arch are four (in the 
guinea-pig three) cylindric ciliated hair-celis, sepamted 
and supported by four club-shaped Deiters' cells ; the 
spaces between the latter and the hair-eells fonn Nuel'B 
space. The outer hair-cella and Deiters' cells are covered 
by a strip of cuticle, the membrana reticularis, through 
which the auditory hairs project. On the outer aide 
Deiters' cells are joined by high cylindric transitional 
epithelium (external Bustcntacular cells of Hensen), and 
these by a lower variety (Claudius' cells), which finally 
merge into the epithelium of the zona pectinata ami sulcus 
spiralis internus. A delicate membrane, the membrana 
tcctoria, extends from the labium vestibularc and limbus 
spiralis as far as the outer hair-cells, covering over Corti's 
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organ. The mcdullatetl nervo-fibers of the cochlear 
nerve, covered with the sheath of Hchwiinn, pass through 
the ganglion spirale, wliidi consiste of bipolar ganglion 
wll8 and an endothelial envelope containing many nu- 
clei, and enter the lamina spiralis ossea and the limbua 
spiralis. In the latt^ir structure they pas.s through the 
labium tegmentum as nuked axis-cylinders, and join tlie 
inner hair-<'ells, some i«issing through Cortl's tunnel to 
the outer hair-cells, around tlie basi; of which they form 
R baaket-work. 
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pressure is dimitit^lied by swallowing with the mouth and 
nose held shut (Toynbee's experiment). 

The rhythmic movements transmitted to the foot-plate 
of the stapes by the ehain of ossicles are continued onward 
to tlie membranous labyrinth. The stapes (see Fig. 14, 
Plate 9) as it is forced inward displaces the incompressible 
perilymph and sets up a current that passes from the ves- 
tibule up the scala vestibuli and down over the apex of 
the cochlea, through the helicotrema, flowing down the 
scala tympani and causing the membrane over the fenestra 
cochleffi to bulge in the same degree as the stapes is forced 
inward. At the same time that the current flows through 
the scala vestibuli the yielding basilar membrane and 
cochlear duct that it supports are forced out against the 
Bcala tympani and rub against the auditory hairs of the 
hair-cells in Corti's membrane. The stimulus thus con- 
veyed to the fibers of the auditorj- nerve is conducted for 
the most part to the temiwral lobe of the opposite side, 
with the cooperation of assiwiation tracts in other portious 
of tlie cortex, as, for example, the visual sphere in the 
occipital lobe, when the stimulus is ioteqireted as a 
sound perception (Gad). 

The fibers of the basilar membrane, according to 
Helmholtz, represent a series of strings of different 

flitch, and every nerve-fiber that terminates on the basi- 
ar membrane produces a special note. Thus when the 
note C is produced, only that portion of the basilar mem- 
brane intended for the production of the tone C bulges 
and is thrown into vibration. Corresponding to the vary- 
ing lengths of the basilar fibers the highest tones are 
produced by vibrations in the first turn ; the dee]jest, in 
the apex of the cochlea. When a complex tone is pi-o- 
duced, as many different portions of the basilar membrane 
as there are components in the sound are thrown into 
vibration ; hence a practised ear is able to analyze a 
Bound. If, for instance, the vowel e ih sounde<i, the 
fibers b', f (b), which are tuned to produce its compo- 
ncDt parts, are chiefly thrown into vibration. Sounds 
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of from 16,000 to 50,000 vibrations fall within tlie limit 
of hearing (C,, to e*). From D, to li' constitute tbo musical 
moge. Human speech lies between C„ (sound of R) aud 
c* (sound of H). The ability to bear a tone depends on 
two factors : vibration of the corresponding^ber of the 
basilar membrane and irritability of the corresponding 
nerve-fiber. If, for instance, the fibers b', f, b, have 
been destroyed by some morbid prixs'ss, the vowel sound 




feri'Mthli 



Flfl. IS. — Norm&l andltory Image fo the basilar membrane (Helmholtx'a 
hypothpsia) : Scale of inusicail touos from !)■ to h*. Scale m 
apwuh pcrcuptiou, b' to g'.* 



e cannot be heard. Speech perception is possible even 
after extensive destruction of the basilar membrane, pro- 
viding the range from b' to g* is cnpalde of function 
(Bezold). 

The irritability of the auditory nerve is subject to 
periodic variations, and when listening intently we note 

ivaleut to b Engliah ; b in the Oenu&a 
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an alternate increase nuil decrease in the iiOTinda. Once 1 
the auditory nerve bas been excited, wreeption Is at tirst I 
intenKifiei], but soun becomes tiitigued if the irritation is j 
continned for any length of time. Visual impressions I 
(seeing colqgs), twitching of the ears, vertigo, anu starting^ 
of the whole body may be produced reflexly through the 
auditory nerve. Tbe subjective auditory sphere in binaural 
hearing lies in thehead(Urbant8chitschj. Irritation of one 
ear increases the perceptive power of tlie other. Tlie niao- 
ulfe and cnstie acusticte are not atTected by sound, but are 
by movements of the body, especially of the head, the 
movements being transmitted to the eudolymph, which 
displaces either the otolith membrane on the bair-celU 
of the maculie acusticx, or the cupola of the ciistie acus- 
ticee. The stimulus is then conducted tJirough the vestib- 
ular nerve to the cerebellum, where, with the cooperation 
of the visual and tactile senses, the equilibrium is r^;iilated 
by reSex alternations in the innervation of the muscles, 
and the position of the head is ascertained. Rectjlincar 
raoveraents are regulated by the maculte acusticee ; rotary J 
movements, by the crislie acusticie (Macb, Breuer). 

Ordinarily the maintenance of equilibrium is an uncoD-i 
Bcious act and we become aware of it only when, owing t 
some disturbance, tbe crista and maculte acusticte are irri 
tated. Thus, lesion of the external semicircular canal is (<A 
lowed by pendulum movements of the liead from side U 
side ; in lesion of the superior canal the head moves bacb^ 
ward and forwanl and tends to fall forward. In lesion of J 
the posterior canal there are nodding movements and th( 
head tends to fall backward (Flourens). If a stiraulm 
ordinarily proiluced only by movement of the head ex- 
cites the apparatu.s of equilibration without the head hav-^ 
iug moved, the fulse interpretation of tiie position of tlin 
head leads to vertigo i^nd sta^ering gait. When a stim<J 
ulus continues to act for a long time, as in protracte 
rotary movements, vertigo likewise results. 

The vestibular apparatus U also connected by reflex 1 
paths with the visual ceuters, so that irritation of tfaftj 
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apparatus — as, for instance, in long-continticd rotary 
movements — is followed by movements of the eyes. Irri- 
tation of the external semieircnlar canal in followed by 
horizontal nystagmus ; of the posterior canal, by vertigo ; 
of the superior canul, by divei^ng nyatagmiis (Cyon). 
If the vestibular apparatus is completely (ustroyed, the 
pnesibility of such stimulation is lust. In deaf-mutes, in 
whom the semicircular canals are often absent, rotary 
movements about (ho axis of the btxly m>t infrequently 
produce neither vertigo nor nystagmus. The vestibular 
apparatus of the two cars arc entirely equivalent, so that 
one can replace the other. If both are completely de- 
stroyed, the equilibrium is regulati'd by means of the 
visual and tactile senses (Gad). 



III. EXAMINATION. 



The object of the aural surgeon is the prevention, cure^fl 
or atnclioration of diseitses of the organ of hearing. Henoftfl 
proper treatment can be instituted only after making thefl 
diagnosig. The diagnosis is based on the patient's state-l 
meat (anamnesis) and the data obtained by examination, r 

Ordinary data, sneh as name, age, and Boeial condition, L 
may be obtained during the examination. Childhood and^ 
work hi the ojien-air predispose to inflammatory diseasB 
of the internal ear ; old age and occupation amid noiayj 
surroundings (boiler- makers J predispose to diseases of tboj 
auditory nerve. 

The dnration and coiirBe of the aural trouble are I 
next inquired into. Tlie prognosis is more favorable if'j 
the aural disease is recent and the deafness sudden thanT 
when the onset hasboeu insidious. In chronic eonditionsl 
incorrect statements are often obtained, because the di»- j 
ease began during childhood, or because it did not at | 
first give rise to any subjective disturbances. Much may' 
be learned by inquiring what the patient's power i 
hearing was at school, or when he was in the army, etc. 

The causes of the disease are next inquired into. Tl 
prognosis is more favorable in simple otitis media — aui 
as follows a cold, for instance — than after general di 
eases, such as scarlet fever or tuberculosis ; it is bett 
in deafness tollowing the use of drugs, such aa salioy^ j 
acid and qiiiniu, and intoxications, as by pho9phoraa^j| 
than in deafness due to injury or exposure to an iatenStf'-l 
sound impression, such as an explosion. Again, tli 
prt^nosis is better in deafness due to nasal obstruetio 
(mouth-breathing, dryness of the mouth on awakening^! 




PRESENT CONDITION. 



71 



Bnoring, inattention at school) limn in deafness following 
general dist^aM!^, snch as tat>os ami lues, or in hereditary 
deafnosR either directly inherited from the parent or 
occurring in the third ^ncration (alavisin). Often the 
patient has himself bronght on the disease by the use of 
a syringe, by scmtching or inserting fureign bodies into 
the ear, or by t«o frequent recourse to Valsalva's experi- 
ment. Not infrequently, cBpecially in cases of progres- 
sive deafness, no cause at all or a very inadequate cause i 
is elicited, 

The sutrjectlve symptoms, as related by the patient, 
arc of some signiticanee. Deafness is complained of in 
most diseases of the middle and internal ear. In chronic 
catarrh the patient says he hears better in a noise (para- 
cusis Willisii) ; many patients complain of continuous or 
intermittent noises, either high-pitched or low-pitched, 
and buzzing in the ear or head. In cardiac disease pul- 
sating sensations arc complained of. Constant tinnitus 
aflects the prognosis unfavonibly. Paiu occurs in acute 
inflammations (cxt^'pting tuberculosis); in caries with 
intense subjective noises; neuralgic pains in caries of the 
teeth ; ulcers of the throat and larynx ; and in diseases of 
the fifth nerve. Pain and tinnitus may be so severe as 
to produce insomnia, A sense of fulness and pressure in 
the ears, lightness of the head, vibration of the voice ia 
the car, vertigo, nausea, and vomiting are frequent symp- 
toms. Aural discharge often occurs in patients who com- 
plain only of deafness; occasionally the ear emits a foul 
odor, and there is a Imd taste in the month accompanying 
the fetid discharge from the ear. Infornmlion that may 
assist the surgeon to interpret what he linds in the ear 
may be obtained by inquiring when and for how long a 
time the piilient bus been treated, what has been the , 
natiiri' of t lie li'iiilnii'ut, and what success has attended it, { 

Present Condition. — An idea of the general con- 
dition is 'pbt;iinc<l I'nmi the history. If there is any 
nion of ojM.ration, the strength of the patient is ' 
ved. If the patient is in bed, the attitude, color of 
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tlie skin (j;iiinLlice and pyemia), ap[>oaranci? of tLf face' 
(peculiar viiuiot expregsiuii in livat ptT^ong), hip[M>cmtic 
fucies (tumor of the brain), facial palsy (caries), the fact 
that he keeps hla mouth opeo (nasal obstruction), arc all 
pointti to be carefully considered. Special signs are scars 
at the angle of the lower jaw in scrofulous children, 
slowing of the pidse, aphasia (brain abscess), ocular pal- 
sies, delirium, vomiting (meniugitis), collapse, sweating, 
vertigo, t^taggeriug gait (inflammation of the labyriutb 
and cerebellar abscess), chills (pyemia). Even Iwfore ^ 
making a general examination of the body the aural 1 
surgeon determines the condition of the organ of hearing, J 

Z. Inspection. — By inspeetion we recognize disease of 1 
the pinna and adjacent portions, variations in form and'l 
c<>lor, such as malformations, inflammation^^, and tumorSi I 
In suppurative otitis media, pus and polypi may be seea i 
in the auditory meatns. In disease of the bone, fistulis I 
will appear in the vicinity of the ear. Scars and remainft 1 
of fistulie on the mastoid process point to spontaneotuJ 
rupture or a former operation. Anomalies in the pnsi-w 
tion of the pinnie are rec(^nized by examining the head.l 
from the side, from in front, and from behind, and eape^ I 
cially by comparing the two ears. Subperiasteal abscess M 
of the mastoid process forces the upper ]wrtion of the J 
pinnffi outward and displaces the entire organ downward^ J 
obliterating the jwstauricular groove. This is not to bs -. 
confounded with edema from external otitis, nor with ' 
prominentears — so-called "cat-ears," In Bezold's variety i 
of mastoiditis the lower portion of the pinna is forcrajl 
outward and there is simultaneous swelling of the necki 

a. Palpation. — The data obtained by inspection «« 
confirmed by (xdnation. By carefully paljtating a tumoa 
we distinguish between a neoplasm and fluctuatior 
between e<lema (otitis externa) and tnfillration (ma 
toiditis). The false fluctuation of the soft |iarts and ti 
emphysematous crackling in pneumatocele of the mastolfl 
process can be delermiiicd. The presence uf glanduloi 
swelling in front of the tragus (otitis externa), on I*"' 
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mastoid process, aod in tlie parotid gland (otitis media) is 
detected. The sensitiveness of the pstrtJ* is ascertained by 
pressure on the tragn-, tip of tiie mastoid, mastoid fossa 
(otitis media), and liv polling the ear (otitis externa). 

3. OtOBCOpy. — Since the iiglit that directly enters 
the auditory mcatu-. does not suffice to illuminate the 
canal and the drumlicad, we use a stronger source of 
light, such us a -mdll electric lump, nliich may either 1)6 
attached to the forehead (Fig. 19) or held in the hand 
(Fig. 20). To examine the dcoiK-r portioua of the ear, 
however, it is better to use reflected light (von Troltacli), 
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This is accomplished by means of a concave iiiirn)r,alKmt 
15 cm. in diameter, with a focal distance of 1.5 cm. (Fig. 
21), and pnivided with a central opening. The rcflecttir 
is held in the Iiaiid or between the teeth, or attached to 
the forehead by means of an elastic band and a ball-and- 
socket joint so as to permit free motion in any direction. 
The light may lie bright sunlight, when a plane mirror 
should lie used ( Lucre), orartiticiaj light, such as a candle, 
an oil lamp, an electric light, or a Welsbach gaslight. 
An earthenware or asbestos-lined chimney, provided with 
an opening, may be placed over the glass chimney to pro- 
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tect botli patient and surgeon from the heat, and 
inforce the light. Both patient and surgeon shu 
Bcated. The ear under examination is turned away from 
the source of light and faces toward the sui^ou. The light 
(should be placed at the lovel of the car, to the right and 
somewhat behind the patient's head. The patient turna 
hit! head sideways toward the light, so that the niys of 
light impinge on the mirror at an angle of 45 degrees. 
With the right hand the mirror is held close to the 
examining eye, in contact with forehead and nose. The 
surgeon liwks through the opening in the center. After 
_ throwing the light on the pinna and external auditory 
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meatus, the canal is first exaiuined without a speculum by | 
seizing the pinna between the index- and middle fingers I 
of the left hand, and drawing it upward and backward ; J 
in children, up to the second vosir, downwani and hack- j 
ward. We note the color and condition of the skin, the J 
width and contents of the auditory meatus, funiDcle^ J 
polypi, and, in recent inflammations, the presence or 4 
absence of pulsating pus. If the canal is wide andj 
poorly supplied with hair, it is often possible to obtain al 
view of the drumhead without a speculum, especially if* 
the patient is told to open the month and the tragus isl 
bent over forward. The normal color of the pinna andM 
auditory meatus is a pale pink. The integument of t' 
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suditoiy canal is shiny, and often covereil with brownish 
ises and shreds of epidermis. In the buny [Hirtion of 
the meatus the skin is smooth and somewhat yellowish. 
As a rule, however, the presence of liairs at the meatus, 
epithelial scales, and cerumen in the canul, and the close 
apposition of the cartilao^inoiis walls make it impossihie 
to obtain a view of the deeper portions. We, therefore, 
use the anral speculum to overcome these obstacles and 
dilate the cartilaginous ^wrtion of the canal. 

The 8]»eciiliim consists of a cylindric (Fig. 23) or conic 
(Fig. 24) tiiije, made either of hard mbber, which is 
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appropriate for the introduction of medicaments, or of 
metal, which has* the advantage of being easily gterili?.ed 
by boiling. Four sizes are generally used. Before intro- 
ducing the i^peculum the external meatus must he care- 
fully illuminated and examined without a speculum, 
after which tlic pinna must be seizc<l between the index- 
and middle fingers of the left hand and drawn upward 
and backward, while the s|>eculi]m, held between the 
thumb and index-finger of the right hand, is carefully 
introduced by a rotary motion into the cartilaginous por- 
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tion of the meatus. If the speculum is iiitniduct^ wit 
out first ilUiminutJug the canal, unuecessury pain is of't«u 
inflicted, and morbid conditious, snch as furuncles, for 
instance, may be overlooked. Ttie introduction uf the 
speculum ia painless, although it occasionally excites 
cough, rarely vomiting ami syncojie, by irritating the ■ 
auricular branch of the pneumogastric. Bringing theJ 
speculum forcibly against the bony mai^in of the audi-T 
tory canal gives rise to [laiu and produces exGoriatioa& J 
The largest speculum that i^n be introduced is selected;, 
a fresh one should always be used for each patient, other- " 
wise an opp<irtunity may be afforded for observing 
epidemic of otitis externa. The speculum is held 
place with the thumb and index-finger of the left hand, 
the pinna being at the same time steadied with'the mid- 
dle and the index-finger of the same hand, leaving the 
right one free to handle the instruments. The examinerj 
should bring his eye as closely as possible to the patient^s 
ear. If he is myopic or hyperopic, he iises his ordinary 
glasses or a correcting lens attached behind the central 
opening of the mirror. The light reflected into the 
auditory meatus through the speculum produces a bri^t 
illumination of the deeper portions of the meatus and -m 
drumhead. The extent of the illuminated and visibls 1 
portion depends on the width of the canal and the decree J 
of convexity of the inferior and anterior walls. If thd-S 
floor of the canal, for instance, has o. strong convexity, it j 
will be impossible to see the antero-inferior half of thft] 
drumhead, as it is impossible to dilate the bony portio 
of the meatus with the speculum. The deepest portioi 
of the meatus cannot always be seen, and foreign bodta 
contained in it may, therefore, escai»e the surgeon's eye. ■ 
As it is possible to see only as much of the drumheftAB 
as corresponds to the lumen of the speculum, the difi^P>1 
ent [Kirtions nf the meatus and drumhead must be brougbtV 
into view by successively lifting, depressing, and moviiwS 
the speculum from side to side. The postenisuperiorfl 
wall of tlie meatus, which is often the seat of flstulffi, fc 
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st-en uu iiititKluuing tJie HjtL'i-uhim, and niii!?t iR-ver be 
mistaken for the druniheud. The drumhead occupies the 
antero-iDferior p<}rthin of the canal, and under normal 
conditions presents a peculiar color and certain cliaractt-r- 
istic details. If the introduction of the speculum doea 
not suffice to displace die si'ales of epidermis or cenmieu 
contained in the nieatns, but, as occasionally happens, 
merely scrapes them away from the walk, ao that they 




nbstruct the lumen and thus prevent a f^ood view of the 
dnmihend, then the nurgeon must first proceed to cleanse 
the canal. This is done by syringing, or, if the operator 
possegses llic necessary skill, by scraping with an ear 
curet, with a pair of forceps bent at an obtuse angle 
{Fig. 25), or with the ear forceps (Fig. 2(i), always under 
illumination. Th<«e instruments must he so constructed 
that they can be ojx'ued within the smallest speculum. 
Syringing is the safest plan. It is done with a large 
aseptic piston syringe (Tniutmann) or an india-rubber 
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aural syringi? with a glass tube that can be removed and ] 
sterilized by boiling (Fig. 27). A specially deviaedl 
glass vessel (Fig. 28) or a kidney basin is lielil under the J 
ear to catch the water. The ear is drawn Ixickward aoct ' 
upward, and the point uf the syringe npjilied — not tcm ' 
deeply — to the posterasuperior wall uf the meatus, where- 
upon the stream of water will flow horizontally alolig the 
roof of the canal to the ear-drum, thence downward into 
the deepest portion of the meatus, so that the return cur- 
rent will wash out die obstacle. Very Utile pressure 1 




should be used at first. Water at 28° C. (95° F.), steril- J 
ized by boiling, is used. If the pressure is too great OpS 
cold water is used, vertigo, tinnitus, or syncope mi^f 
result. If the drumhead is perforated, the water mayj 
run into the throat. Instrunienfiil removal of obstacletti 
in the external auditory canal should be attL-rapted bw^ 
experts only, as much damage may result from uuskilfall 
manipulation. Sterile water should always be used, sino^l 
if a perforation is present, — as, for instance, after an — 
plosion, — it may be covered up with cerumen, and i 
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gation with non-sterilized water miglit infect the tvm- 
paiiuRi. Before introdn(;ing the ^jringe Jt should l>e 
held with the bulb up so as to remove any air-bubhlea 
contained in the water. After tlie irrigation is completed 
the pinna should be dried with cotton. The auditory 
meatus is wiped out with a cfjtton-woiind applicator(Fig. 
29) by moving it up and down and from right to left, 
Rotary movementa within the auditory canul are un- 
pleasant to the patient. After the jiasBago hits been 
cleared iu this way, the fnunel-shaped, retracted drum- 
head-is seen in the antei-o-inferior portion of the meatus. 
It present'^ the fallowing landmarks (Plate 38) : 

(1) Above and in front (in the right ear to the right, in 
the left ear to the left) is a yellowish prominence, the short 
process of the malleus ; (2) fritm this ixtint the handle of 
the malleus extends backward and downward as a yel- 
lowish-white streak ; (3) the handle ends a little below 
the middle of the drumhead, at a point where the mem- 
brane is retracted— the umbo ; (4) in front of and Itelow the 
unibo is a triangular cone of light, the apex corresptmding 
with the umbo. This cone of light extends nearly to the 
periphery of the drumhead, and is sometimes divided lon- 
gitudinally or interrupted at the center. In front of and 
above the short pnxicss of the malleus lies the somewhat 
depressed Shrapnell's membrane, bounded below by the 
anterior and inferior folds; it contains the superior fold 
(Fig, 6). By the help of these landmarks the drumhead 
is readily divided into anterosiiperior,iM)sterosuperior, an- 
te ro-inferi or, and postero-inferior r|uaurant8. The drum- 
head presents for observation the following character- 
istics : 

{a) Color and Transparency. — The color is com- 

Iilex, being a mixture of the gniyish color of the mem- 
irane itself, and, owing to its transparency, of the color 
of the tympanic structures or wall of the promontorv. 
The normal color of tlie drumheiid is grayish, a little 
darker in the anterior than in the (xtsterior half. In chil- 
dreo and aged individuals the color is a yellowish white. 
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The aiiniiliiH tendineuH forms a whitish stivak most con-" 
epiciioiis ill the post^rosiiperior quadrant. Changes in 
the oulor of the (Iriiinheaa inay be produced hy changes 
in the membrane itself, as in inilammation, or by changes 
in the coh)r of the contents of the cavity, which becomes 
yellowish in the presence of a yellow exudate or of the 
color of tlie wall of the promontory (reddening). Tlie 
introduction of the ear 8i>eculum often prwluces conges- 
tion of the handle of the malleus, owing to irritatiou of 
the artery of the external auditory meatus. 

The normal contents of the tyni]ianic cavity may some- 
times be seen through the trausitarent membrane. Thus 
the long prtK-ess of the incus, the stapes, the iwuches of 
Trolt, the chorda tymiKini, and the mai^in of the fenes- 
tra rotunda may be visible (Fig. 0). When, owing to 
a scar in the posterosuperior quadrant, for instance, the 
ear-drum is thinner tlian normal, the incudostapedial 
articulation is sometimes so plainly seen that it appears 
to be uncovered (Plalc 39, 23). When the membraue is 
jxrforated, the various structures of the tympanic cavity 
complicate the image. In total absence of the drumhead 
the wall of the promontory appears (Plate .Ifl, 7) and, 
when the l>one in the osseous portion is defective, the 
attic may be seen (Plate 39, 15). The normal transpar- 
ency of the drumhead may be impaired by thickening of 
the membrane, calcareous deposits, maceration of the epi- 
dermis, or inHltration {Plate 38, 9). An opacity around 
the umbo is normal. 

(6) I,u8ter, Inclination, and Convexity.— The 
covering of fat that the drumhead receives from the 
cernininoiis glands gives its surfaces a glistening ap- 
pearance. In the living subject the membrane presents 
a light reflex which, owing to the funnel shaiw of the 
ear-drum and the convexity of the antero-inferior quad- 
rant, appears triangular (Tranlniann, Politzer) ; in addi- 
tion there is often a reHes in fnmt and below, in the 
tympanic sulcus (Bezold) and in Sbrapnell's membrane 
(Plate 39). The triangular reflex depends on the inclina- 
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lion of llie antero-inffrior qii:idraDt nf thv t-ar-dnim. lu 
retmction or iu bulging of the mcniLraiic tlie rfflcx 
becomes divided, piuietiforni, and rcusdi^a fi-oni tlie nnibo 
(Plate 38, S). Tlie concavity of the eai'-druni may be 
altered by the presence of scars that laiuse retraction, or 
by exiidateH in the tympiinic cavity that cause the mem- 
brane tu bulge. Retraction uf the drumhead causes a 
marked prominence of the process of the malleii? in the 
[K)at€ro8iiiMirior quadrant (sometimes alsti in the antero- 
uiij>erior qnadmnt), producing a fold known as the pos- 
terior fold (Plate 38, 8). The extremity of the handle 
of the malleus, which is directed inwani, often comes In 
contact with the pronionlorv ; llie handle is then fore- 
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shortened so that the umbo appears to lie immediately 
below the short process. Aeconlingly the h)W(T half of 
the drumliMd appears larger than the iipi^r, the jmsterior 
half smaller than the anterior. 

The mobility of the ear-drum w teste<l by means of 
Siegle's pneumatic funnel, which consistB of an aural epec- 
ulnm occluiled by an obliquely placed glass disc (Fig. 30). 
The spiiee below the glass disc («) communicates with a 
nibber bull, by means of which the pressure may be 
altered at will. Since the ear-<lrum is movable, alter- 
nate compression and relaxation of the rubber ball, 
providing the funnel fits tightly into the external mea- 
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tus, will cause the mpmbrane to move to and fn>. The 
largest uxi-iirsion nurnialK' occurs iu the posterior half 
of the drumhead, at the extremity of the mauubrium, 
and is accom{Nitiied by shorteuiug of the li^ht reflex 
and injecttou of the manubrial resseU. The mobility is 
impat^ wheu the membrane is thickened, and entirely 
lost whenever there are adhesions. In places where the 
membrane is thin (;icarf), the mobility is increased; in 
bit^ perforations movement is absent. If there is pu.<i, 
it may he aspirated when the air is exhausted, when it 
is important to observe from what jMirt of the tympanic 
cavity the pus is obtained. Owing to the puUor of the 
tympanic mucous membrane ampi ration will bring into 
view hyperemic blood-vessels. If it is desired to magnify 
the image of the drumhead, a biconvex lens is inserted 
into the Siegle speculum instead of the glass disc. 

In extensive defects of the drumhead a simple metal 
mirror attached to a handle can be introduce<I into the 
tympanic cavity and thus a view of the roof, the region 
of the antrum, and any adhesions that may be present 
can be obtained (intratympanal otoscopy) (von Troltsch, 
Eotey, Bing), 

4. Probing. — The results of inspection need to be con- 
firmed and supplemented by means of the proixt. In 
probing, either a straight instrument (Fig, 31) or one 
bent in two pinces, ns shown in Fig. 32, is used. The 
patient's heaa should be carefidly steadied, and the ope- 
rator should always use a head mirror. Unskilful tym- 
panic probing may lead to irre{)arable injury and should 
be manipulated by well-trained hands only, fiy means 
of the probe we distinguish between the soft tympanic 
membrane and the hard wall of the promontory; l)etween 
a furuncle, an exostosis, and a polyp ; between a perforation 
and an exudate. By its aid we determine the hardness 
of tho mass of cerumen, the nature of a foreign body, 
find the base of a polyp, test the sensitiveness of the 
auditory meatus and drumhead, or discover the painful 
[>oints in neuralgia. 
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5, Percussion, — In disease of the mastoid process deep 
percussion of that structure with the finger may ri-veul a 
change Td the note ou the two sides, besides showing in- 
creased sensitivenetis, provided there Is no change in the 
soft parts. Normally, the sound is tympanitic; a flat 
note indicates necrosis of the hiino (Korner). 

6. TranBilltunination by moans of Kuntgen rays 
reveuld ossified areas in the pinnie, fractures in tiie squa- 
mous iwrtinn of the bone, t!ic presence of bullets, knife- 
points, or otiier foreign bodies in tlie mastoid process or 
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in the pyramid. Traniiilln mi nation of the mastoid process 
is unsafe. An electric lamp, as shown in Fig. 20, is 
applied to the mastoid |)roeess while an aural speculum 
is introduced into the ear, In a dark chamber a n>ddish 
reflex is seen in the specnlnm when the mastoid is normal ; 
it is absent in necrosis {Url»antjwhitsch){of no significance 
unless careful comparison is made with the other ear and 
it occurs in the course of treatment). 

7. Functional Tests. — In any fumi i)f deafness the 
patient must be subjected to a functional examination. 
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This, in the absence of otoscopic findings, assists in detei 
milling the degree of deafness and its seat. Most patient 
complain of inability to understand s]H>ken words. Qui" 
often the deafness is at once shown, by an otoscopic e: 
aminatioD, to be due to a plug of cerumen. But ev« 
after this is removed and when the drumhead is quii 
normal, the deafness may persist — if, for instance, t\ 
auditory nerve is diseased. It is therefore necessary h 
every case to test the power of hearing for whis[)en 
speech before proceeding with treatment, so as to ha' 
some means of determining whether the jKitient is ir 
proving or losing ground after treatment has been begn 
(a) The hearing should always be tested for whimpc 
conversalion, such as is produced by the residual air al 
a deep expiration (Hartmano), since loud speaking 
be heard even when the ears are closed. As words 
composed of sonorous vowels and practically silent coi 
sonants, — that is to say, of high and deep tones, 
distance at which they ean be heard varies even 
normal ear. The average distance at which whispered 
words can be heard by a normal ear is about 6 m. The 
patient is told to stand as far away as possible and turn 
the ear to be examined toward the operator, holding the 
other ear closed with the finger. The patient should not 
see the movements of the mouth. Each ear is tested 
separately. If the patient hears everything that is said 
in a whisper at a distance of 6 m., we may exclude marked 
disturbance of the hearing. The words must be carefully 
chosen, since many jiatients — such, for instance, as those 
suffering with nervous deafness — cannot understand high- 
pitched tones nor words composed of high-pitched tones 
as readily as low-pitched tones ; whereas other jMitients — 
such, for instance, as those suffering from disease of the 
conduction apparatus — have greater difficulty in under- 
standing low-pitched tones or wonis formetl from them, 
than high-pitehed tones. For high tones, such words as 
twenty, thirty, six, sixty, seven, sister, Swiss, ice, fleece, 
sense, hissing, etc., may be used ; for low-pitched tones, 
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such words as five, one luindred, Robert, brother, organ, 
to-morrow, pump, doctor, wound, lioiiiid, etc., are appro- 
priate (Blocn), The patient should rejjeat every word 
that he undc^rHtandtJ, If he docs not underHtaud the 
word, it should be repeated at a shorter distance until 
all the words belonging to one eategory are understood. 
When a word has been heard once, it may later lie undor- 
Btood at a greater distan(K as the patient learns to combine 
the vowels he has heard. Henee re|)eated tests should be 
made, changing the words and the order in which they are 
given so as to obtain trustworthy results. If whispered 
speech cannot be heanl at all, the hearing for ordinary 
conversational tones is tested. If this also fails, the 
power of hearing single sounds pronounced in a loud 
voice is tested. If the deafness is confined to one ear 
and the diseased ear is tested by 8£>eaking in a loud voice, 
the patient may repeat the wonls, although he has really 
heard nothing with the disease*! ear, since lond tones may 
be heard by a normal ear even when it is tightly covered. 
Todetermine, therefore, whether the patient hears with the 
diseased ear he must be asked to close the tatter also, where- 
upon he should no longer Im able to reiieat the words cor- 
rectly (Dennert), The results of the functional teat with 
whtsjtered conversation will surest the diagnosis. Ina- 
bility to hear high-pitched wonls indicatcii nervous deaf- 
ness, whereas inability to hear low-pitched words i>ointt> to 
disease of theeonduction apparatus. Ifthe patient is unable 
tohearwhisperedB|»eeebat6m., the iK)wer of hearing — 

Q9) The tickinff of n waich is tested. The watch is first 
held at a considerable distance and gradually brought 
nearer the patient's ear nntil he hears it. After a" 
duction has been testeil, the bone-conduction is determined 
by placing the watch against the mastoid process or on top 
of the head and observing the result. After the sixtieth 
year anil in nervous deafness bone-conduction is usuallv 
absent; in disf^ase of the conduction ap[)anitus it is usually 
present in the diseased ear. 

iy) The ttcoumda: As the voeul organs, as well as the 
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watcJies of different e 




Fio. 33.— Polittt-r's 



aiDiirfi, vary in strength and pitch, 
iind the results obtained differ 
accordingly, Politzer has con- 
slruc'tfd an instrument {Fig. 
;13) ojnsisling of a small steel 
hiunmer that falls on a wooden 
iiloek from a constant height 
and with conHtant force. The 
noise that it produces has a 
inititr. pitch of c', and can be heard 
Ly uir-conduclinu at a diistaiiee 
of ]o m. Bone-conduction may be tested by means of a 
small steel nxl lield against the mastoid process. As, 
however, the hnman au<iitory apparatus is accommodated 
to a great nnmbcr of tunes, it is impossible to construct 
an absolutely uniform acoumeter {see Fig. 18), 

(d) Tuning fork. "The ability to hear a simple tone 
of a certain pitch appears to represent the sensory unit 
of the sense of hearing" (Gad). A 
tone of this kind is produced by the 
tuning-fork. The overtones are sub- 
dued by means of clamps {Fig- 34, 
Politzer). To obtain an accurate knowl- 
edge of the power of hearing it must 
be tested for all the notes for which it 
is accommodated. Bezold's series con- 
tains all simple tones from C„ to e* (?). 
These tones are produced by tuning- 
forks without overtones and by whis- 
tles. In very accurate work, as ia 
deaf-muiism and aphasia, the entire 
series of notes must be tested. In 
oniinary cases of deafness it suffices 
to test for notes an octave apart, as, 
for instance, C,, C, c', c", c*, c*, or for 

fork t:~ " the series b' to g*, which, aeeonliiig to 

Bezold, is most imiurtant for under- 
standing oniinary speech. In testing with the tuning-fork 
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the same force should l>e used in striking the instrtiment 
against the table, and the fork should be hehl at the s 
distance from the ear, the two liniba in the direction of 
the axis of the meatus. Tlie examiner deteriniiies whether 
the Dote is heard ; if so, for Iidw nmny seconds ; the shorten- 
ing of the time of ijerception ; gaps in the scale ; mistaking 
one note for another in disoflse of liie nervous appratns. 
Tuning-forks up lo tlie twice accented octave may lie 
used both for air- and for bone-conduction ; above that 
iwtave the notes are too loud to bo of any use for testing 
bone-conduction alone. The upwr tone limit (notes from 
a' to K* (?) and over) is determined by the Galton-Kdelniann 
whistle {Fig. 35). In iierfomiing the test the whistle is 
held in front of the ear with the mouth-piece directed 
outwar<l so that the patient does not feel the current of 
air. In very deaf [jcrsons the sensation of feeling the 
vibration of low-pitclieit tuning-forks may deceive the 
patient into lielicving that he hears the note The upj>er 
tone limit is lowcreil in nervous deafness. 

By means of the tuning-fork bone-couduction is also 
tested and compared with air-conduction. 

(e) Rinnf^it Experiment. — If, after the sound of a tuning- 
fork held against the mastoid process with uniform force 
and on the same spot (raustoid fossa) has ceased to be 
heard, the vibrating ends of the fork are held in front of 
the ear or introduced into a rubber tube inserted into the 
ear, the sound will again be heard if the ear is normal ; 
that is to say, owing to our habit of hearing by air-eon- 
duetiun, bone-conduction is normally less than nir-coa- 
duction (positive result of Rinne's exiierlment, or positive 
Rione). For air-conduction to be greater than bone- 
conduction, especially for low-pitched notes, the tension 
of the sound-conducting ap]tnnitus must bo normal. The 
greater the tension, the less will be the air-cond notion 
and the better the Ixtne-conduction. Henee, in diseaseB 
of the sound-conduction a])paratus, — as, for instance, in 
retraction of the drumhead, — in jwrfomtion, in ankylosis 
of tlie stapes, the tuning-fork is heard longer than nor- 
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mally on the mastoid process, usually even longer than 
tlirotigii the air (negative Rinue). In some cases the 
timiug-fork msiy Ih.' Iieaol exclusively by bone-conduction 
(iibsolutely negative Rinue). liinne's experiment also i 
indicates the degree of dis- 
turbance in the sound-condao- 
tion apparatus, since a ni_ 
tive Kinne high up in the \ 
scale (c') indicates grave ob- 
struction to the sound-oonduo- , 
tion apparatus ; in minor dis- • 
ea.se of the sound-conduction i 
apparatus it will be negative ( 
only for low-pitched notes, or j 
even remain positive, though 
the time of perception by 
b one-conduction is louger than 
nornml. Thus Kinne must be 
negative for C, and C, and ] 
positive for c (Rinne partially | 
negative to c exclusive, for 1 
instance, in acute catarrh); z 
on the other hand, in grave j 
obstruction of the sound-con- % 
(luction apparatus, as in anky- , 
losis of tlie stains, Rinne i 
usually absolutely negative— 
that is to say, negative for C^ J 
C, and negative for o, c\ (f.A 
That the fibers of the basilar membrane are capable of 1 
vibrating for C, and C when Rinne is absolutely negativftl 
for Ci and C, although these notes are not heard througb J 
the air, is proved by the fact that the C, and C fibera Ii 
can be stimulated through the bone. When a positive , 
Rinne has been obtained, it is not necessary to continue f 
the test for higher notes ; in snrh cases Rinne is m 
negative for a higher note, though for deeper notes the ] 
test may show a negative Kinne. In some deaf peraoDB J 




Rinnt' is positive fur the lowest tiuiiiig-fork, ns in normal 
individuals ; in tliis case the seat of the diseahe is to be 
sought not in the sound-conduction, but in the nervous 
apparatus. 

(f) Weber's Sxpirimcvf. — After the Rinne test the 
tuning-fork should be placed on the vertex. In iiornml 
individuaU the uound vibrations are transmitted from 
that point evenly through both ears (see Fig, 17), aa 
may be derauustrated by auscultation of the ear under 
examination by means of an otoscojie. If, owing to dis- 
ease of the auditory nerve, perception is absent on one 
side, the sound is not heard in both ears or in the head 
as under normal conditions, but solely in the sound ear 
(Weber in the sound ear). If, on the other hand, owing 
to obstruction in the sound-conducting apparatus, — as, 
for instance, in obstruction of the ear by the tiji of the 
finger or by a plug of wax, or in middle-ear suppuration, 
— the flow id interrupted on one side, the sound-waves 
are reflected on tliat side back to the interior of the bead 
and reinforced so that the sound is heani Ijetter in the 
affected ear (Weber in the affected car). 

(t/) Schwdbaeh'H Erfyeriment. — A nonnal individual 
continues to hear the sound of a tuning-fork for a certain 
length of time when it is placed on the vertex, — C, for 
instance, — for twenty-six seconds. If there is anv ob- 
struction to the sound-conduction apparatus, causing a 
delay in the flow of the s<iund-waves, the tuning-forK is 
beard longer than under normal conditions (forty seconds, 
for instance, Schwabach prolongetl). In affei'tions of the 
labyrinth, on the other hand, the fork is not heard so 
long as under normal conditions, owing to inipnirmcnt 
of the auditory nerve. It may be heard for only ten 
seoonds (Schwabach shortened). 

(X) Gdl^g Erperimeiit. — The mobilitv of the foot-plate 
nf the stapes is tested by means of (Jelly's esi>eriment 
(Bloeh). if a riiblier tube 5 cm. in length is attached to 
a Politzer hug and intntduced int^i the auditory meatus 
with air-tight precautions, the conducting power of the 
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ear-drum and chain of ossicles can bediminishet] hyc 
pressing the bug and thus raising the pressure within the 
auditory meatus, providing the chain of oscicles, particu- 
larly tile loot-plate of the stapes, is movable. Q^he 
momentary increase in intra-labyrinthinc pressure thus 
produced at once becomes neutralized and is not respon- 
sible for the weakening of the sound ; but wlien the 
vestibular apparatus is irritable, vertigo and tinnitus 
may be produced. If a tiuiiug-fork, c', for instance, is 

S laced on the side of the head to be examined, the sound 
eard in the corresponding ear, providing the mobility 
of the base of the stapes is normal, is at once diminished 
when the bag is compressed (Gell4 positive). If, on the 
other hand, the base of the stapes is immovable, as in 
ankylosis, the intensity of the sound is not affected by 
compressing the hag (Gell^ negative). It follows that 
when Rinne is positive for C, Gell4 is also positive — 
under normal con<litions and in ner\-ous deafness. If 
Rinne is [lartiaily negative up to c, we determine by 
means of Gelle's exiierimcnt whether the deafness is due 
to immobility of the stapes or to some other cause. 

To obtain a general idea of the degree of deafness and 
its seat without too much loss of time it is enough to test 
the hearing for whispere<l conversation and to determine 
Rinne, Weber, and Schwabaeh for and e'. To obtain 
trustworthy results the hearing test must frequently lie 
repeated and all the results obtained carefully comi>ared. 
Sources of error, such as self-deception on the part of the 
patient, ernirs in striking the tuning-fork, etc., must be 
eliminated. Deafness is often due not to an isolated dis- 
ease of the middle ear or of the labyrinth, but to a com- 
bination of diseases that modify the results obtained with 
the tuning-fork according as the disease is more pro- 
nounced in one region than in another, without, however, 
destroying their value altt^elher. If the tests have been 
carried out accurately and the results are carefully com- 
pared, the latter, even though they may at first appear 
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to be contradictory, can always be bniiiglit into liiirmony 
ami will eventually lend to a diagnosis. 

(() The irritability nf Oie amliUiry nen^e may be tested 
with a fair degree of accuracy by the galvanic current. 
The anode (positive pole) is placed in front of the tragus, 
and the cathode (negative pole) in the na^te of the neck 
(external method, Erb). With a current of 6 miUiam- 
pirea and over (PoUak) an intense aiiditory Bensation, 
consisting of ringing and whistling sound?, is produced 
by cathodal closure, and a weaker one by ano<)al opening. 
In cathodal (i|>ening, while the current is passing, and 
during ano<Ial closure nothing is heard (Brenner). In 
inflammatory conditions of the auditory nerve irritability 
is increased so that auditory sensations are produced by 
currents from 1 to 3 milliamp(!res in strength (Gradenigo). 
In paralysis of the auditory nerve irntjibility is Tost 
entirely. If the vestibular apparatus is irritated during 
the examination, electric vertigo may (wcur. 

(x) Testing the Eqiiiiibiium (von Stein). — When vertigo 
ie complained of, the [lower of maintaining the equilib- 
rium is tested by asking the patient to perform certain 
movementa. The eyes are closed, if necessary by means 
of a Imndage, and the patient is asked to bend over and 
suddenly resume the erect position (Romberg), or to stand 
first on oue leg and then on the other, to jump, or to 
move backwanf and forward iii a straight line and sud- 
denly turn around, the examiner observing any devia- 
tions from the normal, such as swaying, dizziness, ten- 
dency to v<)mit, falling toward the aiseaacd side, or nys- 
tagmus. The lattpr symptom may be absent after rotary 
movements, es)>ecially iu deaf-mutes. 

(il) Anterior and Poderior Rhinoscopy ; Ditfital Exami- 
nation. — Before Po!itzer*s exwrimcnt is jierformed the 
nose must be examined camtully to determine ivhcther 
there is any obstruction that might interfere with the 
test for the i)ermeability of the EuMtaehian tube. The 
nose, like the ear, may be illuminatt^'d by means of a 
concave mirror perforated at the center, or directly by 
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means of an electric lamp attochet] to the ibreliead. Tol 
increase the field of vIsioD we use a. dilatahle nasal specitffl 
Uim (Figs. 36, 37), which is carefnlly introduced into] 
the vestibule of t)ie nose and pressed against the ala.,! 
Care must be exercised not to impinge on the septum o^fl 
on a possible deviation. The septum apjteare in thai 
median line, laterally from this the inferior, and iinlefls iia 
is very much congested, the middle turbinate, with thel 
nasal iwssagcs Iwtween the two. In widely open noses I 
the glistening posterior wall of the pharynx, which moves J 





during phonation, may be seen at the })osterior extremit^n 
of the inferior nasal meatus. Occasionally a cleft— **"^ 
pharyngeal opening of the tube — may be discerned ira 
diately above the floor of the nose, at the level of thtf] 
posterior extremity of the inferior turbinate. It J 
bounded by the posterior Eustachian fold and i 
inferior folil corresponding to the levator palati muscl^S 
During deglutition and phonation the Eustachian foU^ 
moves backward and toward the median line with light 
ning-like nipidily {sec Figs, 39, 40), exposing the (' 
scending salpingopharyngeal fold. The levator palalC 
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becomes thicker and forces the lips of the tube ajHirt. 
Within the nose the esaraiiier notes the presence of 
deviations, spines, and ridges on the septum, atrophy and 
hypertrophy of the turbinates, pilypi, pus in the nasal 
passages, and its exact location (ozena, atrophy, fetid 
odor, crust formation), conditions that an- all fruitful 
causes of aural affections. The posterior portions of the 
nose are examined through the mouth with as large a 
laryngeal mirror as practiimbte (Fig. 38). If the struc- 
tures are very irritable, they should first be anesthetized 
with a 10 jier cent, cocain solution. 
Within the mouth we observe the teeth jf, 

(caries, abnormalities of growth), the 
gums (lead line), the tongue, the hard 
palate (uloers, the width of the arch), 
the sofl palate (adhesions, oblique posi- 
tion), the tonsils (hypertrophy), and the 
poet«rtor wall of the pharj-nx (adenoid 
vegetations, scars). The tongue is held 
out of the way with a spatula, exerting 
uniform but moderate force, and the 
mirror, after being warmed, is intn>- 
duoed between the uvula and the pala- 
tal arches, taking care to avoid contact. 
By depressing the handle and turning 
it from side to side an image of the 
dioaute and of the septum is obtained 
(Plate 21). The following points should 
DC notc<l : In the roof of the pharynx the uharyngeal 
tonsil and the pri'senw of pus jxK^kets; ttie ohmtnEB 
(hy|)ertrophy of the posterior extremities of the turbi- 
nates) ; the opening of the Eustaehian tube ; the normal 
color of the mucous membrane is yellow : in otitis media 
the membrane is reddened and the lumen is occhided by 
mucus and pus; behind lheo|>eningof the tube is Rosen- 
inQlIer's fossa. This may contain adenoid growths ob- 
structing the pharyngeal ojtening, or syphilitic scars dis- 
torting the Eustachian tube. As it is otWu impossible 
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tu i-xumine children with a mirror, we substitute digiti 
examin»tion. After disinfecting the hands and trimmiog' 
the naiis closely, tlie forefinger of the right hand, pro- 
tected with a metal cap a^inst biting, is introduced into 
the postnasal space. The |X)sterior extremity of the 
turbinates atid the Eiistiu'hinn fold mnst not be i 




FiQ. 39.— Siigittal acctioii of the heail during qniet Tespirmtion. 
ler's Hiperimeiit (Drat Bt(<p) : 1. Velum paUti tlucing quiet brekthing 
2. Inferior lurblnalc; 3, middlo turbiuate; 4. Buperior turbinate: 
phaiyugeal opciiiug of the BuatBchlan tubo; 6. fnid of levator p 
muscle IbidbIH ; 7, laTyui ; 8, totiguo ; 9, epigluttis ; 10, hyoid b< 



taken for adenoid vegetations. The child's head is fixM 
with the left hand diiriiig the o|K>ratinri. 

8. Examination of the Eustachian Tube. Mid- 1 
die-ear Inflation ; Bougies ; Dilatation with Gen- ; 
eral Treatment through the Eustachian Tnbi 
— By the term air-tlouchc or inflation i.s meant the foroi-l 
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ble introduction of air into tlie miiidlo ear through the 
Eustachian tube. It is used fur the purpose of dia^rnoKis 
and prognosis, and has alao some tlierapeutic value 
(Deleau); hence it is necessary, iMtfore emjiloying infla- 
tion, to test the hearing for whisperwl conversation. 
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Fio. 40.— S&K<tlal section of the Iiewl flariiiB rteKlutttion. PolitwT'B 
eip«lliuoiil [teCBiiA ■(«]>): n. M. liifurior tiirbinA(« : m. U, niidille turbi- 
into ; B, SI, suiteriur turbinate; r. /i. velum palati ; 1' Eustavhiau lube; 
P. ulpliiKopharyiiiieRl fold; /., fold or IcT&tflr imlBti {thickeUEdl; 1, 
byoid bone; 'i, hro-epltiloUlc ligaraeut; 3, thyrohyoid UgameDt; 4, 
iSuMVUit'a fold ; 5, toDgUe. 



rhe mtii 
holding 



pire forcibly, at the same time holding mouth and nose 
clofte<l, so that the pressure in the postnai^al space is 
increased and the air is driven into the middle ear 
through the tube. The drumhead bulges outward, and 
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i crackliiKf^^H 



the c<inc rif lipht appearn shurtened. The noise _ 

introduction oi' air resembles crackling,' 
and can lie heard with a rubber 
tidie connecting the patient's ear 
with the examiner's (otoscope) (Fig, 
42). If the drumhead is perlbrated, 
a shrill wlustling ^ound is produced 
that can be heard at some distance. 
If the middle ear contains any secre- 
tion, it is forced out into theauditoiy 
meatus. In order to render Val- 
salva's experiment successful, ex- 
piratory j)re8sure must be great 
enough to open the tube; this is the 
case under normal conditions. If 
there is any obstruction, such as 
swelling of the tnluil mucous mem- 
brane, as in otitis nu-dia, the experi- 
ment will not succeed. If the ex- 
periment is successful, the prognosis 
IS favorable, It is not advisable as 
a therapeutic measure, however, as 
its repeated (wrformance produces 
hyperemia of the vessels of the head 
and tends to increase inflammatory 
symptoms in the ear. 

{p) In Politzer'it procedure air is 
forced through the nose into the 
jiostnasal space at the moment when 
the tulies are opened, and the poat- 
nasal space is closed below by the 
ascent of the veUim palati. This 
occurs during the act of swallowing 
(Figs. ;i9, 40}. The air is com- 
pressed by means of a large rubber bag with a small 
apertnre bunied into the side (Fig. 41). The Itag is 
connected with a rubber tube, 3 cm. in length (Ijowen- 
berg), or by means of a piece of rublxir tubing with a 
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glass bull) that can be boiled (Jacobsmi) {Fig. 41, a). 
The ear to be csamiDed is coniiectetl, by means of the 
otoscope, with the corresjimiding car of the examiner 
(Fig. 42), or, if two wish to ausciilt, by means of a double 
otoscope (Fig. 43) — that is, an otoscope provided with a 
T-piece. The bag is held firmly in the right hand, the 
thumb above, the forefinger behiw, so that tlie opening is 
closed by the palm. Tlie glass bulb is intriKluced care- 
fully into the nuris corri'sjwnding to tlic diseased side ; the 
other naris is closed firmly liy }iressing thv ala ngiiiuMt 
the bulb with the thumb of the kft hand from bclnw. 




Fill, «.— Otoscope. 



Fid. 43.— Double otoiicope. 



and the left middle and index-fingers from above. The 
patient is asked to take a mouthful of water iind to 
swallow at the word "now" (first step). The moment 
the (latient swallows and the larynx is seen to rise, the 
bag is forcibly cnmprpssed (soninil step). The force to 
be used in compressing ihc l>ag depends on the resistance 
encountered in the tube. If the experiment is successfnl, 
a gurgling sound will be heunl nt some distance, due tn 
the fon'ihie thrusting aside of the velum pnlati. Instead 
of asking the |)atient to swallow, he may be told to make 
certain sounds, as to say " buck " (liUcie). The Iwig 
should be pressed at the instunt the sound of "k"ia made. 
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In children, Politzer's procedure may often Ik- pcrformec 
without liny diiSculty (Schwartze) ; it is facilitated bj 
crying. To assist in forcing tlie air iuto the diseased 
ear and prevent its enteriug the sound ear, tlie resistance 
in the latter is increased by holding it shut. By means 
of the opening in Pulitzer's bag the latter may lie filled 
with air without removing the glass bulb from the nose. 




i tDDMSle; 
' le drumna 



Plo. U. — CoTooal sectioD throDgh tbe tfnipanum (schemBtlc, a 
Politairj : o. Eltitinity of the upper, b, eitromity of the lowf-r, 1 
w&ll of the Dieatiu; o, anditory meataa; it, tegmen tymptiiil 
exlcTnal portion : ti. hitemal portfon; /. mallsua and tiuperioi ..^ 
tam mallul; g, iticuB; h. Btapts within the foneatra vustibiili i i, 
ontory ; Ic, PrasBak'B apace ; I. tendan of tensor tyoipani ma 
hypotympanic reci-JW (ctllat) ; 1, acar In the lower half of the d! 
ill uppositioD with the [iromoutory : 2, remaiua of draoihead. 

Otherwise the bulb would have to be removed from i 
nose as often as the experiment is repeated, so a 
vent tiie aspiration of mucus from the nose. The auc 
tatory phenomena will be discussed later. If the ^ 
head ia inspected during Politzerization, it is eei 
bulge wherever there is a weak spot {recent scars, I 
44, 45). A retractcil dnimhcad resumes its normal | 
tion and color ; tlie manubrium becomes injected ; 
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tion is forced into the auditory meatus from the tym- 
panum ; structures, euch as the incudostapedlal articula- 
tion, that may be visible 
on account of the presence 
of scars, disappear when 
the scar '\% pushed out- 
ward (Plates 39, 24). Ex- 
udates are enabled to rw- 
cape, and a distinct iiti- 
provenieiit in the hearing 
follows. Politzer's ex- 
periment is also of use in 
removing secretions frmu 
the postnasal spa<K{Liir;i 
and accessory cavities "i 
the nose, the openings I'l 
which are incidentally ven- 
tilated (Hartmann), 

Occasionally Politzeri- ^url" > « prooe- 

Kution is accompanied by 

the entrance of air into the esophagus and stomach, pro- 
ducing pain, nausea, and occasionally syncope. The air 
that has been swallowed is expelled by belching. Rarely 
a scar or atrophic area gives way during the experiment. 
Instead of air, medicated vapors, such as menthol chloro- 
form, turpentine, ioilethyl, or ether, can be introduced 
with Politzer's bag for therajientic pariKtscs, Fluid med- 
icaments are better injected by means of the catheter. 
To give the ear a thorough cleansing, Politzerization may 
be performed after filliug the diseased ear with a bu1>- 
stnnce such as [tcroxid of hydrogen, the patient holding 
his head on one side. As the air passes through the 
Huid it brings the latter in contact with every part of 
the middle ear. 

(j*) Viitheletiaition. — If Politzerization cannot be carried 
otit, even with the employment of great force, air must 
be intro«luced directly into the tuW by means of the 
catheter. Cathelerizatiou shoiijd be employed only id 
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\ impossibli' to jicrforiii Politzer's e 
s Jt'sirLHl to iutrixluu.' luedicitml sii 
stauci;^ intu the tubes, or au accurate auscultation of the 
middle ear \n iudicated. It canuot be performed ia chil- 
dren under six years of age. The pivjcedure is more 
unpleasant to the patient, and oAeii not so effective as 
Politzerization. The catheters are made of metal or hard 
rubber, about 14 cm. in length, and provided with a 
downward bend at a point 2 cm. from the extremity. 
They are made in four different sizes, from 1.5 to 3 mm. 
(see Fig. 41, 6). To determine the position of the point 
of the catheter in the postnasal apace the extremitj- is 
provided with a ring that has also a downward inclina- 
tion. The catheter is introduced through the inferior 
auditory meatus, or, if the nose Is impas,sable on both 
sides, through the mouth, and made to enter the pharyn- 
geal opening of the tube (Plate 12). The ]»atient is first 
request^ to blow his nose. If the ytructures are sensi- 
tive or the nasal pas.^aetis unusually narrow, the inferior 
meatus should be anesthetized with a 10 per oent. solution 
of cocain, and if there are choking and retching, the 
pharynx as well. The ear to be catheterized is connected 
hy means of an otoscoi>e with the corresponding ear of 
the sni^on, \y\\o sits in front of, and on the same level 
as, his patient A small catheter is used at the first trial, 
after which as large a one as ^wssible should be intro- 
duced, 

Fird step — infrodticHon of the raihelei- into the postnasal 
8pace: The tip of the nose being raised with the thumb 
of the left hand, the surgeon seizes the catheter near iti 
extremity like a pen with his right hand, and places tb( 
tip on the tlo(»r of the nose from below; the end of t) 
catheter is then raised so that it lies at the same level i 
the tip, and the catheter is gently introduced through tlwfl 
inferior nasal meatus between the fioor of the nose au' 
the septum. By using a head mirror any olistructioi 
that may be present can be avoided by simply turniu 
the tip of the catheter outward and away from the e 
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tum. If the stirgoon uousesscs a light hand, he may allow 
^G catheter to make its own way jiast any ubetriiution In 
the nose; the inutrunient (hiring itti progress sometimes 
makes a complete revolution. Care must be taken (o 
avuiil entering the middle meatus. As the catheter enters 
the postnasal space tlie velum palati frequently contracts 
and arrests it* further advance. If this hapjKns, the 
surgeon should wait a moment or arik the patient to 
inspire deeply through the nose. As soon as the tip of 
the catheter leaves the floor of the nose it falls into the 
postnasal space. If it can be done without using force, 
the catheter is pushed back until it comes in contact with 
tlie ^wsterior wall of the pharynx, 

tkcoitd utep — inlroducing the catheter into the pharyngeal 
opening of the tube; At this stage of the proceeding the 
catheter is held Arinly with the left hand, the thumb 
below, the index-finger above, in front of the naris, the 
remaining fingers being applied to the dorsum of the 
mise. The catheter is then neld by its extremity and can 
be introduced into the tube in one of the following ways ; 
(1) By gently turning the tip outwanl and withdrawing 
the catheter for a distance of about 1 cm. A slight elas- 
tic resistance is then felt at the tubal fold. If the instru- 
ment is now carefully withdrawn a little farther, the tip 
will glide over the fold and slip into the opening, at the 
same time performing a slight outward and upward rota- 
tion. The ring of the catheter ia then directwl toward 
the external ciinlhiis of the same side (Bonnafont). (2) 
The catheter may be withdrawn until it catches on the 
velum palati, when it is rotated upward and outward 
until it enters the tubal opniiig (Kramer). (3) The 
catheter may U^ withdrawn, and the tip at the same time 
Ik' turned toward the opposite side from the one- to be 
cathcterized, so that the beak of the instrument catches 
on the edge of the vomer. It in then turned upwanl 
through 180 degrei's, and thus enteni the tubal opening 
(Frank, Ijowenlwig). If the first method fails, the sec- 
ond and thinl methods should Im.- tried. 
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The other ear can also be catheterized by rotating thai 
tip of the catheter to the other aide in a horizontal plane, I 
at the same time pressing the end of the catheter against^ 
the ala of the side opposite the one to be catheterized. . J 
By thia procedure the beak of the catheter enters Roeeiv- 
muller's fossa of the opposite side, and enters the tub( ' 
opening by gliding down over the tnbal fold from i 
front (Deleati). 

If the tip of the catheter enters the middle meatus o 
catches in folds of mtieoiis membrane in Rosen m til lei'lj 
fossa, and wlien one side of the nose is absolutely iin 
passable, catheteriaition is impossible; in tliat case a 
attempt may be made to catheterize through the othel 
side of the nose. If the catheter is introduced properly, 
the beak cannot be moved backward, forward, or upwarc 
AfW the catheter is in the right position it should b 
fixed in front of the naris. 

Third step — introduction of air Ihrowjh the ottheUrH 
The air is forced in by means of a Politzer bag, whicw 
is provided with a rubber tnbe about 80 cm. in lengf" 
instead of the glass bUlb (Fig. 41, l>), and a coupling tl 
fits into the catheter. After being fitted into the cathete 
the coupling is held fast in frout of the uari.s. The baj 
lies in the surgeon's lap and is held in the right hand, a 
in Politzerization, -so that the o|)ening in the bag is t 
cludc<l with the bull of the thumb. It is then press 
for from six to eight times, the ball of the thumb beioi 
removed from the opening each time. When there i 
much swelling of the tubal mucous membrane, moderate 
firm pressure may he employed. The entrance of air wiE 
be facilitated by the aet of swallowing. If it is desire' 
til use a continuous cnrrent of air, a Lucse l)ellows is usei 
The Inflation should he almost painless ; occasionally | 
is followed by slight nausea or retching. If the muco 
membrane has been injured by the tip of the catheter,! 
may be forced under the mucous membrane and cntaneo 
emphysema result, with the pnHhiction of whitish bid 
in the mucous membrane and side of tlie neck, whit) 
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crepitate during palpation. If asphyxia develops from 
emphysemii of llie epiglottis, innsiniis are indicated. The 
emphysema disappears rapidly iiuder application of cold 
compresses. 

Fourth utep — wUhdratoal of (ke. cnfkder: After discon- 
necting the rubber tube and iiag, the catheter is with- 
drawn slowly thmugh the inferior nastil raeatua with the 
right hand, the tip of the nose being elevated. If the 
catheter is stained with blood from laceration of the mu- 
cous membrane, the patient must be forbidden to blow 
his nose for two or three hours on account of the danger 
of cutaneous emphysema. 

Auscultation during the intnxluction of air through 
the catheter is of the greatest importance. Normally a 
coarse, dry, blowing sound, gradually increasing in in- 
tensity, is heanl, due to the bulging of the drumhead 
and blowing of the in-rushing air. In stenosis of the 
tube the sound is short and diminished in intensity. If 
the tube is filled with secretion, fine or course crepitant 
rales are heard close to the ear. They should not be con- 
founded with coarser, more distant crepitant rales pro- 
ditced outside the tube in the iJostniisal space. If there 
are scars, or if the drumhead is atrophied, a high-pitched 
vibrating murmur is produced. lu perforation of the 
drumhead the air strikes our own car with an unpleasant 
sensation, and we hear a loud whittling sound if the per- 
foration is small. If secretions are present, the sound is 
accompanied by crepitation. During inflation the mastoid 
process may be auscultated with a stethoscope (Ltennec). 
Normally the entrance of air into the cells produces a 
characteristic crepitant sound that is absent in ocolusion 
of the tubes, in iwrforation of the drumhead, and in mas- 
toid disease. Tnere is little danger of introducing infec- 
tious material from the nose and postnasal space into the 
tid>es and middle car during inflation. In catheterization 
this may Itc avoided by blowing air through the catheter 
while introducing it (Luca>). The danger of infecting 
the opening of the tube with the tip of the catheter 
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during catheterization— as with lues, fi)r instance— 
avdidetl by aseptic (trecauCions. Wlion ilie H|>s oJ' 
tnbe are swollen, Politzerization cannot be ]>erforraec 
whereas catheterization, on the other hand, is qnite eat 
After the inflation the hearing is again tested with t 
same whispered words tliat the [tatieut was niiable to hear J 
before. I 

The mechanical effect of a eurrcnt of air entering thel 
tnbes is as follows : (1) The lumen is dilated, any s 
tion that may be present is blown out, and secretion cod* 
tained in the tympanic cavity is enabled to escape, 
escape of secretion is facilitated by asking the [xitient ti 
drop his head forward and toward Uie sound aide. (" 
The lateral pressure prodnced within the tnbe forces t 
btood out of the liyperemic vessels and thus diininishei 
inflammation and regulates the circulation in cunditionf 
of stasia, {;j) The ear-drum, or, when there are perfora 
tions, the remains of the ear-drum, is forced outward ; tht 
chain of ossicles also mi)ves outward, and abnormal t 
sion is removed. Anomalies in the inclination of t 
membrane are nentralized. (4) Inflammatory adhesim 
in the tympannm and around the mni^na of the fenes 
are snbjected to tension and break down. The blood- am 
lymph-vessels of the tymjianic mncon.'^ membrane regaiil 
their normal pressure, and the absorption of exudate in 
^cilitated ; the intralabyrin thine pressure is n^ulate' 
(5) Secretion oontaineti in the tympanum is thrown o 
int« the auditory meatus through a perforation. If, a 
frequently hapjwns, marked improvement in the heario| 
follows the employment of the air douche, the prognoe 
is favorable, oijpccially if the improvement is permanenU 
If, in 8j)ite of successful air douche and the absence 01 
secretion in the tympanic cavity, there is no change I 
the power of hearing, the ]»rospect of restoring it i 
unfavorable. Changes oeeitrring in the drumhead afte 
catheterization are ascertained by means of the otoscopy 
just as after the jwrformanec' of Pulitzerization. 

By means of the air douche medicated vapors am 
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othLT remeilial ageiita cjin be introilinicd into the middle 
far for therapeutic piirjMisos. The catheter is bt'st adapted 
for this purpose. Thus, aqueous vapor can be introduce«I 
into the tubes by means of a bottle contuiniug boiling 
wiiter or the vapor of ammonium clilorid in a nascent 
Stat*. By means of a rubber bulb (Fig. 46) the vapor 
of bydroclilorio acid is forced into a vial containing am- 
monia; the vapor of ammonium chlorid thus producctl is 
purified by parsing it thnnigb water, smd after traversing 
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Fm. 48.— AnuQonlnm cbluriil nii'iini aiipamtiis 



a glass sphere enters the nibber lulw connecttKl with the 
catheter. A ball of cotton saturated with menthol chlo- 
roform, ether, or turpentine may he introduced into the 
glass spiiere so that the vapors from these substances, 
even wilboul ammonium chlorid, can be introduced into 
the tubes. Before atteni])ting any theraiteutic measures 
through the tul)e the ojjerator must satisfy himself by 
auM'ultation that the eatlieter has been properly intro- 
duced. Medicinal sultstauces are injected into the Eu- 
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Btachiau tube for the purposes of diminishing secretion, | 
loosening the mucous membrane or ossicles, or dissolvii^ 
inspissated secretions. After the catheter has been intro^f 
duced a few drops of the drug are injected by raeana o 
a Pmvaz syringe, and propelled into the middle earb_ 
foreing air through the apparatus. With the otoscope tfaetj 
drug 13 heard to enter the middle ear with a bnbblii ^ 
sound. Quite often it can be seen behind the dnimheadj' _ 
in such cases the manubrium is usually congested and 
may present ecchymoses. If the tube is permeable and 
there is a perforation in tlie drumhead, the tympanic 
cavity can sometimes be very satisfactorily flushed out ^ 
with the catheter. For this purpose sterile water at a ~ 
tem|jerature of 28° C.(95° ¥.) is gently injected into the J 
cavity with a large piston syringe or through a small! 
elastic tube (Weber-Liel) introduced directly into t]ieJ 
cavity through the catheter. The water returns throa^ A 
the affected ear. 

(5) The Use of Bougies in the Eiiefnchian Tube.— 
stenosis persists in spite of inflation, an attempt i 
be made to remove it by introtluciug a celluloid bouji 
through tlie catheter, the thickness varying from J t 
mm. (Urbantschitsch). The bougie incidentally furnishes I 
a means of recognizing a stenosis and its situation, 
normal tube a bougie of 1^ mm. vriW easily pass the nai 
rowest portion — the isthmus of the tube. Before int« 
ducing the bougie, the length of the catheter is indicate 
by a mark ; 2 J cm. further back another mark is me * 
After the bougie has been introduced as far as the E 
mark it has passed the length of the catheter, after v " 
it should gradually be pui^hed forward an additional d 
tance of 2J cm., as far as the second mark, when ( 
narrowest portion of the isthmus will have been p 
If the bougie has been pushed in too far, — over 3 ci 
it will enter the tympanic cavity and endanger the v 
rity of the ossicles. After the bougie has been in p 
ten minutes it is removed and air is forced in thrc 
the catheter. If the catheter was improperly introduce 
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the bougie, instead of enterlag the opcuing of the tube, 
\e forced into the mucous membrane of the nasophar- 
ynx and may produce lucerations. If, on removing the 
bougie, the end is fonnd to be bloixly, inflation must not 
be pntctised and the patient must be warned against 
blowing bis nose on account of the danger of subeutaneona 
emphysema. The passing of the bongie is often followed 
by distinct improvement in the hearing, and may act 
reflexly by stimulating the auditory centers (Urbunt- 
schitsch). In the treatment of stenosis bougies of gradu- 
ally increasing calibers must be used. By rapidly mov- 
ing the bougie to and fro and setting up a slight vibra- 
tion, massage of tlie tube can be practisetl. Tlie mucona 
membrane can be cauterizeil by means of medicaments 
painted on tlic bougies, or a metal bougie to which a 
caustic, such as silver nitrate, has been welded may be 
employed. [The bougie should be employed only in the 
hands of experts.] 

xo. GeneralETcamitiation.— If the examination of 
the ear leads the sui^eon to suspect that the aural affec- 
tion depends on some general disease, such as tubercu- 
losis, diabetes, anemia, leukemia, syphilis, etc., a general 
examination of the entire body and its secretions — urine, 
sputum, and blood — is indicate<l. An aural affection 
caused by some general disease cannot be cured by local 
measures without the co-operation of constitutional treat- 
ment. If there is any suspicion of intracranial disease, 
the eye-ground must be examined (choked disc, optic 
neuritis — rare in uncomplicated cases of otitis media, 
most frequent in perisinuous abscess with sinus throm- 
bosis: choked disc is more common in tumors; optic 
neuritis, in brain abscess). Lumbar puncture may also 
afford valuable Information in intracranial complications. 
Bffoi-e administering an anesthetic the general condition 
must aJwiiys be subjected to a rigorous examination. 

n. Halingeriug;. — Wide ex|>erienee, an extensive 
knowledge of human nature, and a thorough examination 
and functional test of the ear are requisite to the 
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detoetjon and couviction of u malingerer. Malingerei 
feign unilateral or hilateral, purliul or complete, deafoea 
When a malingerer is to W examined, bis eyee ehoul 
be tightly liaiidagGd. If he pretends bilatcrul deafnee 
which he rarely does, the fraud being, as a rule, easi^ 
exposed by witnesses, he can be convicted only by i 
trick, such as by suddenly saying to him, " You may g 
or by rousing him from normal sleep or that induced 
anesthetics by calling to him, or by watching him whili 
he is in a state of intoxication. When bilateral deafbei 
is allied, each ear is tested separately, the other bein] 
carefully closed. In performing the test certnin defini 
words, as well as the acumeter, are used. The distaud 
at which the individual hears is carefully uoled, and \ 
statements are subjected to a rigorous control test 1 
repeated examinations. The control test may be mat 
even more rigorous by closing both ears with i 
specula, one of which is open while the other is si 
witli wax (Tschndi). By means of the tuning-fork ttH 
time of perception for individual notes, both for air- am' 
bone-conduction, is tested, and the tests repeated severa 
times. In this test also there is room for cunning on tl 
part of the examiner. If, for example, the individia 
says that ho hears the tuning-fork when it is placed o 
the vertex, the examiner proceeds tfl stop up both eat 
If the subject is malingering, be will frc((iiently say that 
he can no longer hear the tuning-fork, whereas as a mat' 
ter of fact he should be able to hear it better than beforq 
When unilateral deafness is alleged, the truth or ft 
of the statement will again Iw decided by perfor 
repeated tests, both with the voice and with tuning-f 
and carefully comparing the patient's statements at e 
examination. If the malincerer is suffering from midd! 
ear disease and the tuning-lork is placed on the vert«K 
he will rarely Bay that he hears it in the affected e 
Usnally he says that he hears the note in the sound e 
and, if the sound ear is stopped up, he will say that 
does not liear anything, which at once convicte him fl 
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mulingering (Moos). As a further test the power of 
hearing whispered conversation may be determined first 
for the sound ear, and then for the pretended deaf ear, 
without stopping up the sound ear. If the individnal 
examined says he hears nothing, he is a malingerer, since 
he must be able to hear with the sound ear (Hartmann). 
Another plan is to pretend to stop up the sound ear, 
using a perforated cork (Voltolini). If one shouts into 
the pretended deaf ear while the sound ear is closed 
tightly, the malingerer ninst hear with the sound ear in 
spite of its l>eing closed. If the bnlbof a double otoscope 
is inserted into each oar of a malingerer, and a tuning- 
fork is placed on the T-piece of the otoscoi>c behind the 
patient, the note — if the right ear, for example, is alleged 
to l>e deal^ — t!boii]d be heani only by the left ear of the 
examiner. If the rubber tube going to the right (deaf) 
ear is compressed, the sound shonld t>e louder in the left 
(sound) ear. If, on the other band, the right ear is really 
deaf, tlie sound should disappear completely if the tuM 
leading to the healthy ear is comprfwecd (Bloch). 

As a further test an ear-trumpet may be inserted into 
each car, and two examiners, standing b<'hind the subject, 
at the same time whis[)er certaiu wonl^ in rapid succession, 
the suspected malingerer being aski-d to repeat immedi- 
ately wnat he has heard. If he is really tieaf on one 
side, tiie words whispered into the healthy ear are at 
once repeatetl without hesitation ; but if he is malinger- 
ing, some of the words whispered into the pretended 
deaf ear are also re|>eated or else he becomes confused 
(L.,o», Hnmrael). 

The artificial proiluction of objective symptoms, such 
as aural discharge (Chimani), and attempts to deceive by 
alleging subjective symptoms, such aj* tinnitus, vertigo, 
and pain, niay tw dotecled by exaniinalion or by rjiroful 
observiiliim in a ii'ispital. 

U. Bacteriologic and Histologic Examina- 
tion. — Pus, cerebrospinal fluid, etc., are t^i Iw examined 
microscopically and by making cultures. If Btreptococd 
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are fotmd in active suppurative processes, the prognoeis J 
is more unfavorable than when the secretion conCtuos only J 
diplococci. The course of a streptococcus otit» is likely 1 
to be more severe than that of a pneumococcns otitis; is I 
the latter variety mastoid disease and epidural abscesseaJ 
are more likely to remain after the otitis media has sub- J 
sided. Pyemia is most common in streptococcus otitis, 1 
In chronic suppurative processes staphylococci are usuallrjl 
found (Zaufal, Leutert). The finding of diphtheria bacilli, ■ 
tubercle bacilli, actinomyces, aspergillus, and cholesterinfl 
crystals in aural pus is of great diagnostic significance,'! 
In certain cases tne diagnosis may eventually be detei^ 
mined by excising small [>ortions of tumors in the pinnw,! 
auditory meatus, or tympanic cavity (careinoma, sarcoma,.! 
polypoid granulations, fibroma, etc.). 




IV. PATHOLOGY AND TREATMENT. 



A. GENERAL PATHOLOQY AND TREATMENT. 

(a) Frequency of Aural Disease. — " During the 
first deceuniuni of adult lifo (frum twenty to thirty) oue 
mail out of every three men is sure to be suffering from 
some degree of impaired hearing in at least one ear" 
(von Troltfich). Among schiiol-childrcn, 22 per cent, 
have defective hearing (lieiehurd, Bezold). Men suffer 
more from aural dtseaso than women, especially amid 
unfavorable soeial eunditions. Aural disease is moat 
frequent during the first three decades of life; in the 
fourth decade a considerable decrease is noted. Of the 
various portions of the ear, the tympanic cavity is the 
one most frequently affected, especially in children ; next, 
the external auditory canal, and, last, the internal ear. 
Cases of bilateral aural disease are almost as common as 
unilateral cases (Bfirkner). Acute inflammatory aural 
affections increase in frequency during April, May, Feb- 
ruary, and Mareh, in the order named, and are least fre- 
quent dnrinc October (Bezold). 

(b) General Etiology. — Diseases of the organ of 
hearing are pri«luced liy general and specific injuries 
(infections). Congenital anatomic abnormalitieB, such as 
contraction of the fenestra vestibnli or of the tympanic 
cavity, may beci>me the cause of imjtaired hearing. Pre- 
disposition to disease of the ot^n of hearing, especially 
prc^ressive deafness, is hereditary. A mountainous cli- 
mate favors the production of chronic middle-ear catarrh, 
whereas a coast climate predisposes to hypertrophy of the 
pharyngeal tonsil (Gell6) and tubal catarrh, especially in 
children. Nasal obstruction interferes with the vcntila- 
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tii»n i>f the tube and is a freqiuiiit causo of aiiral diseaae^J 
111 40 per c«nt. of the psitieiitti up to the fifteenth yeai 
adenoid vegetations are present (Killian). Injury of the 
ear, as in head injuries or explosioua ; intoxication, aa bjj 
lead, mercury, nicotin, or quinin ; work in the midst o 
excessive noiae or insirked variations in air pressuH 
(caisson); diseaseB of the nervous system, such as tabtii|J 
hysteria, or brain tumors, leidccmla, anemia, or Brighf^d 
disease, may all lead to disease of the auditory nervi^ 
Circulatory disturbances in emphysema and canliac d' 
ease may lead to hyperemia of the labyrinth or i 
holism of the internal auditory artery. Diseases of t 
digestive organs pnjduce vertigo and tinnitus. In goui^ 
unc acid salts may be deposited in the pinnee. Diabeteq 
predisposes to external otitis and grave middle-ear inSai 
mation. A reflex otalgia from irritation of the fifth nen 
or of the sympathetic nerve also occurs. Vicarious mei 
struation from the car occurs in hysteria, and deafness tl 
occasionally observed during pregnancy and in the pner- 
perium. 

Disease of the oi^n of hearing is more frequently due 
to specific injuries. Many of the causes assigned by the 
patient to aural disease can be explained only by assum- 
ing an infection. Among these are "catching cold," 
scraping the ear, the use of tampons, cauterizing the 
nose, curyza, forcible bloiving of the nose, spraying of 
ear and nose, fomentations, and instillations. In the 
external ear the presence of mold fungi may lead to 
inflammation; so long, however, as the epidermis re- 
mains intact, the cutis wiU be protected from infection. 
If the epidermis is injured, the skin of the auditory 
meatus is in danger of becoming infected. The activity 
of pathogenic germs ap|tears to be necessary for the pro- 
duction of inflammatory proces.ses in the middle ear. 
There are three paths by which infection may reach the 
middle ear : the auditory meatus, the Eustachian tube, 
and the blood and lymph channels. Pathogenic germs 
are constantly present in the auditory meatus (Rohrer), 
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but 80 long as the drumhead is intact they are unable to 
invade the middle ear. The Euatachiau tube connects 
the middle ear with the postnasal space. Pathogenic 
eerma are always found in the nose and motith, but the 
danger of infci^tion through the tube ii* counteracted by 
bactericidal activity and by the presence of cilia in the 
epithelium of the mucous mem)>nine that lines tlie tubes 
and tympanic cavity. Just as pathogenic micro-organ- 
ianis loae their infectiousness in their progress through 
the nose (the extremities of the turbinates are almost 
free from germs), bo the micro-oi^nlsms that invade tlie 
tube have their virulence impaired by the Ijactericidal 
activity of the mucous membrane, and are thus prevented 
from entering or infecting the tym{>anic cavity. Normally, 
therefore, the tympanic cavity is fn* from germs ( Preysing). 
So long as its protecting outworks — the drumhead andmu- 
coas membrane of the nose and Eustachian tube — remain 
intact, infection can take place only bv way of the vascu- 
lar and lymphatic channels. If the drumhead \» injured 
or the bactericidal power of the naRnl and tubal mucous 
membrane — as, for in^l^nce, the crliarv movement ot the 
epithelium — becomes impaired by "catching cold" (Li- 
pnri), the tympanic cavity readily Incomes infected either 
through the auditory meatus or through the tube. As in 
many infectious disensec the up|)er air-passages become 
involved and the general power of resistance of the 
organism sndera, it follows as a matter of course that any 
general infection, such as scarlet fever, measles, diphthe- 
ria, typhoid fever, or infiuen»i, may be accompanied by 
a liical, specific, or non-fi}>ecific infi'ction of the tym])auia 
cavity. Infection of the tympanic cjivity by way of the 
blood channels is rare, occurring ciiiefly in syphilis. In 
inflammatory diseases of the thnmt, such as diphtheria 
(Moos) and thrush (Haug), affections of the mucous mem- 
brane may spn-nd directly to the middle ear. General 
diseases that tend to diminish the resistance of the entire 
body (scrofula, rachitis) alwi favor infection of the tym- 
panic cavity. The following are the most imiwrtant 
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vaicro^r^rnsm^ \a the etiology of aural diirfases : strep* I 
tococcus pyt^DGs, staphylococcus pyogenes albus aod I 
aureus, diplococcus, gooococcus, aspcrgiltuB, hacterium I 
pneunioniie, and the bacillus of typnoid, iDfluenza, andJ 
tuberculosis (Plate 30). 

Tbe middle ear and the labyrinth may become !nf 
from a purulent focus iu the interior of the craoial c 
along the t^lieath of the eighth nerve by way of the Vi 
in the bones or aijiieducts. 

(c) General Symptomatology. — l. Anomalies i 
the Sense of Hearing,— HiTiiinution in the pow 
ing, ranging from slight impairment to complete deafnefi 
(anesthesia acustica), is a common occurrence i' 
diseases. Occasionally the hearing for isolated tones i 
the middle of the scale ia lost (gaps in tbe scale). Thai 
at die upper limit of the Fcale deafnetrs for bigh-f 
notes, such as the sound of "* " or the chirping of cr 
is met with in nervous deafness, especially in old pere 
and in boiler-makers, owing to atrophy of the anditc 
fibers in the base of the cochlea (Haiicrmann); at t 
lower limit of tlie scale deafness for low-pitched b 
found, owing to destruction of the tip of tne cochlea (B 
ginsky) (Fig. 18). Inability to understand coDvereatia) 
does not necessarily exclude some power of hearing mfl^ 
sical tones. Many patients can hear spoken words, but ai 
unable to understand them (ankylosis of the stapes). "" 
deafness is often variable (acute catarrh), being gn 
in the morning and when the weather is cloudy, tlu 
the evening and when the weather is clear. In hysterii 
tients the deafness may change from one ear to the oti 
{tran«fert! Gell€). Many individuals who are deaf t 
one side are unable to determine tiie direction from ^ 
the sound proceeds (paracusis loci). Patients suffering 
from middle-ear disease hear better in a noise and com- 
motion — as, for instance, on the railroad — than amid quiet 
surroundings (paracusis Willisii), because the shaking-up 
loosens the rigid chain of ossicles and puts them in better 
condition to propagate sound (Politzer), or because the au- 
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(lilory nerve, owiag Uy the greater irritation, t»ecomeB more 
sensitive (Urbantachitscli). Hyperesthesia of the auditory 
nerve manifests itself in increased sensitiveness to any 
auditory impression, and may be so intense as to become 
painful. There 'm frequently increased galvanic irritabil- 
ity. It occurs in cerebral affections as the precursor of 
paralysis, in hysteria, insomnia, disease of the middle ear, 
in ankylosis of the stapes, and alsoin total deafness. Abnor- 
mally acute hearing (oxyakoia) sometimes occurs in paral- 
ysis of the seventh nerve. Transient acuteneas of hearing 
is occasionally observed after great mental excitement 
and after narcosis (Urbantschitsoh). Stimetimes a note 
is heard incorrectly by one ear — that is, it appears lower 
or higlier in pitch than in the other ear (paracusis) ; in 
such a case the [irfxluction of one tone gives rise to tlie 
simultaneous peroeptionof two diffen?ut tones: double hear- 
ing (diplacusis dysharmonica). This may arise in affec- 
tions of the labyrinth from alleratioiis in tension of that 
portion of the basilar membrane that is attuned to the 
corresponding tone (Knapp). Double hearing may also 
manifc.tt itself in a single tone, being heanl twice in 
quick succession. This is due to aftcrsensation in hj-per- 
eitthnsia of the eighth nerve, or to an obstruction in the 
sound-conduction apjMiratus, the delaye<j conduction in 
the diseased ear being slower to produce a central irrita- 
tion and an auditory impression than is the case in the 
healtliy ear (diplaciisis ecliotica Kayser). 

2. Tinnitns Anrinm. — A noise is termed subjective when 
it is not produced by a si)eeific stimulus of the auditory 
nerve — namely, a sound. Tinnitus aurlum if present in 
two-thirds of all patieuti suffering from iiural disturbancea 
(Polilzer). The noises are proiliiced through irritation of 
the nervous hearing apptimtus by intoxications, excessive 
menial exerlion, or circulatory disturbances; by diseases 
of the hihyrinth, auditorj- nerve, and auditi>ry centers ; by 
im[iaction of the staiK'S, and by reflex action in a healthy 
orgitu of hearing, as in trifacial neuralgia, spasm of the fa- 
cial muscles, or when the ear is syringed. In spasm of the 
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tt-nsor tympuiii miisule tiuoilus may bf produced hy the 
brationof thecdlumnof uiriii tlieextertial meatus (Luuib). 
In irritation of the nervous hearing apparatus the sub- 
jective noises take the form of high-pitched tones, chirp- 
ing, singing, the sound of boiling water, or the ringing 
of bella. When there is central irritation, melodies, the 
singing of birds, aud voices may be heard. These, how- \ 
ever, are transitional forms closely relate<l to iialhicina- J 
tioua. The latter may be produ<»d iu mentally n 
patients by peripheral disease of the oi^u of hearing, a 
in such patients tiunitus aurium suffices to give rise ti 
hallucinations. 

Eiiioiic murmur* are objective noises derived from s 
source within the ear or the body, which the individw 
perceives either because the noise is more intense thai 
under normal conditions, or on account of hyperesthesut 
of the eighth nerve, or increased resonance within the e 
due to some obHtructiou of the so und -con d notion am« 
ratus blocking the passage of the sound-wave 
noisea heard when there is obstruction to the sound-con- 
duction apparatus are nsually low in pitch (between C 
and c', Panse). Entotic mnrmurs may proceed from 
various sources, snch as normally or abnormally devel- 
oped blood-vessels, especially the jugular vein — the ven- 
ous hum of anemia ; bulb of the jugular ; a misplaced 
transverse sinus ; abnormal position of the carotid >vithin 
the tympanic cavity ; dilatation of the tympanic vessels. 
In the last case the noises are pulsating. Finally, the 
murmurs may be produced by tlie muscles; thus, con- 
traction of the tensor veli palati muscle protluces a crack- 
ing sound in the ear by forcibly scpiirating the walls of 1 
the tube. The noises can Komctiroes be produced at wift 
and can be heanl by meana of an otoscojic. The druio 
head can be seen to move in contractjim of the tensa 
tymjKini muscle, aud the cone of light is forcshortenec 
When the Eustachian tube is open, the air entering dm 
lug respiration gives rise to a buzzing noise. Exudi' 
in the tympanic cavity produces a crepitant sound ' 
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tlie bead is nioveil about, and sumedmt's after Politzeri- 
zutiiin iiriifti-r the jHilieiit has blown \i\» hum;, a rustling i 
aunnd or iiui«e siigge^ttiiig miuute detouation» is heard. 

TinniliH iiiirium varies greatly in intensity : it may be 
almost iniiiertieptible or so oppressive that the victim 
mutually meditates stiioide. The character and intensity 
of the noises undergo frequent variations. As a rule, 
the noises seem to the patient to be produced in the head ' 
or in tho cars, al tir^t even outside of the body. If the 
tiniiitu> aiiriiiiii ir- I'<ln^t^nt, the pn^nosis is grave; the 
noise will proijalily ]MTsist until deafness becomes abso- i 
lute. IniirniiiUiil noiscn occurring at irregular intei^ 
vala, ettpecially if tiu-y are influenced by inflation and ' 
massage, ofl'er a Ix'tter progQosis. Slight noises during < 
the day are drownwl by the noi«e of the streets. Tin- j 
uitus auriuni i.s oflcn a preeiirsDr of dcaliifss (lin's), 

3. DlBtnrbEuices of the Equilibrium (Vertigo ab aure lesa). 
— In (Milii'iits sufliTiii^ fi'oin aiiiiil diseaf-i\ verligo, due 
either Ut diri'et irntation of iho semicirirular canals or to 
reflex causes, occurs, and may or may not be accom- 
panied liy nausea, vomiting, syncope, tinnitus nurium, 
or nystagmus. Vertigo may be brought on refiexly ] 
through the sensory nerves of the external and middle J 
ear by syringing the ear, especially with cold water, by I 
the presence nf foreign bodies in the anditor\' metituf, by ' 
toiicliing the tympanic niiicons niimbnine, by cathotcn- 
aition, and, finiilly, by itit-'iisc noditury impressions, such 
IIS detonations or hijrli-piiclicil toiicf^. The vestibular 
iippnmtns may lie irriliitcd din-ctly by increase of intra- 
hibyrinthine pn'ssnri' in conditions that tend to raise d 
intnicraniii] prewure (brain tumor), by fluid coming in | 
(iHitact with the fenestra when the ears are syringed, by ] 
pressure being exertwl on the font-|)late of the stapes I 
during iiiflalioii, or wiu-n thf^ for('<- of the air is increased I 
Hs ill a disi'iine It may also 1k' irritiiled by a galvanic J 
current applied to the head, by an inflamniatorj' process j 
within the hibyrinth, by caries of the pyramid and the | 
semicircular canals, by injuries, and by unaccustomed | 
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movements of the heail, hb when riding on a caroiiea] or 
on ship-board. The disturbance of equilibrium produces 
a subjective seuaation of dizziiiesa, and manifest itself 
objectively by slight swaying, especially when the eyes 
are closed, uustea<fy and staggering gait, or by the patient 
suddenly falling, usually toward the affected siJe. The 
attack may last a few secouds or several hours, and may 
occur but once or repeatedly. When vertigo is accom- 
panii'd by deafness, tinnitus aurium, nausea, and vomit- 
ing, till' iMiiidition is called Mi^iiit^re's symptom -complex. 

4. Autophony.— By the term autophony in meant an 
intensifying of the jiatient's own voice so that it sounds 
like a trumjiot. It occurs when the tubes arc wide open 
and there is no obstruction to the entrance of the voice 
into the ear — as, for exiimple, in inflammation of the 
tube with imperfect closure. 

5. Reflex Phenomena. — Urbantscliitsch states that dis- 
ease of the ears exerts a reflex influence on the power of 
vision ; vision is reduced ia otitis media. Irritation of 
the auditoiT sense may l>e transmitted to the other special 
senses. Thus, certain subjective visual impressions, such 
as the seeing of colors, sometimes attend the hearing of 
certain notes ; foreign lx)die8, accumulations of cerumen 
in the auditory meatus, and diseases of the middle ear 
niay give rise to psychic disturbances (reflex jwychoses) 
chiefly through the agency of the fifth nerve. The 
psychoses may take the form of drowsiness, partial loss 
of memory, mania, or melancholia (Koppe). 

There is a sympathetic communiciLtion between the 
two oi^ns of hearing, so that iu disease of one ear, as 
chronic middle-ear catarrh, the other ear is influenced by 
any change in the di.'^ease, be it for better or for worse. 
Such sensory reflex phenomena emanating from the organ 
of hearing are observed chiefly in the distribution of the 
trifacial, giving rise to toothache, pain in the head, laryux, 
and in the domain of the vagus, where it produces respi- 
i-.itory distress (Steinbrugge). Foreign bodies ami suppu- 
ration within the ear give rise to reflex motor pbenomeuaj 
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Buch an convulMioiis ami cpilfptilbrm attacks. Labyrin- 
thine «list'!ise may give rise to nystagmtis. Ail intense 
auditory impression is often followtKl by convulsive move- 
ments of the entire body, sudden elevatiitn of the pinnie, 
or inuvemeiits of tlie head. Spn^im of the tensor tymjuLiii 
rauKcle occurs when the hearing has been overtaxetl. 
liarely reflex piiralysis of the diaciised side of tlie head 
has been observed (Schwa rtsie), 

6. Dineaees of the I^cial Nerre uid its Brancbea. — Since 
the seventh nerve traverses the tympanic cavity (Plates 
3, 5), disease in that region not infrequently conimnni- 
oates itself to the nerve and is often the prodromal symp- 
tom of a fatal cerebral aSection (Politxer). The morbid 
pritci'ss reaches the seventh nerve in the teraponl bone: 
(1) Through brunches of the stylomastoid artery (mresis 
due to the pressure on hypereniic vessels); (2) through 
& delicienoy in the bony canal above the feuestra vestibuli 
([areaia or paralysis due to pressure on the nerve or 
awollen mucous membrane, or an exudate in the tympanic 
cavity, sometimes in so-called rheumatic facial jmIbv); 
(3) the purulent process may extend through the defect 
in the bone to the perincunuin (perineuritis) and to the 
nerve itself (neuritis); (4) in carious destruction of the 
facial canal, and in purulent inflammutiou or destruction 
of the seventh nerve, psi>eciallv in cholesteatoma and 
necrosis of the labyrintJi (Plates 26, 28) ; (5) by exten- 
sion of a purulent inflammation from the meninges to the 
seventh nerve within the internal auditor)- meatus (Fig. 
13) ; (6 1 by the pressure of brain tumors, especially cere- 
l>e!lar tumors or abscesses on the seventh nerve within 
the internal auditory meatus (pre&sure atrophy) ; (7) in 
fracture of the base of the skull infei^lion may extend 
through a fissure in the internal auditory meatus and 
injure the seventh and eighth nerves, or hemorrhage into 
the facial canal may take place. 

The seventh nerve offers considerable resistance to 
suppuration and destruction in its immediate neighbor- 
hood. The objective symptoma vary according to the 
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seat of tlic injury in the nerve (Fig. 47). According to 
Erb, the symptoms are as follows: (1) P;iralyais of tbe 
facial ninscles on the atfected Hide (iiijnry tu the seventh 
nerve outside of the facial canni, between 1 and 2); (2) 
paralysis of the facial muscles, dislnrliiinee of taste, some- 




PlO. <7.— Facial nerve rrom the haiw of thu skull tn the pc 
[after 8tr6m|*ll) ; 1, 2, 3, 4. 5, 6, ute explni iltxl iii tlio u-\ 
auperficial nerve; 8, anastoluosia wEth the mualt Hiijierlici 
nerve ; !). nerve tn the Btaiiedios; 10, chorda lyiii[wiii— («) [ 
[i) flbers concerned in the sccrnlion ofnliva; 11. B()'lrjiiiH.stoi 
J9, posterior anrlcnlnr nerve ; 13, geniculate gangliori : H, jiw 

times diniinishefl Mecretion of .saliva and dryness of t 
mouth (injury of the facial nerve in the facial cam 
between 2 and 3) ; (3) paralysis of the facial rauM 
disturbance of taste, diminished secretion of fialiva, tJiq 
nilns aurinm and deafness or al>nornially acute heari: 
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(injury of the sevi-iith nervfl, between 3 ami 4) ; (4) paral- 
ysis of the facial imiscles, iliHturbance of taste, iliminislied 
secretion of naliva, excesMJvely acute hearing, tinnitus 
auriurn, pardlysiH of velum palati — the velum is higher 
on the uiseased side and moves toward the sound side 
during phonation (injury of the geniculate ganglion, 
between 4 and 5) ; (5) paralysis of the facial muscles, 
diminished secretion of saliva, excessively aoute hearing, 
[lartial \m\ay of the palate, absence of disturbance of 
taste, as the fibers of the cbonla tym|)ani leave the 
seventh nerve in the great Bii[>erfioiaI |>etntsal to join the 
fifth nerve (injury above the geniculate ganglion in the 
internal auditory meatus, between 5 and 6). 

Deafness caused by paralysis of the stapedius muscle 
is accompanied by tinnitus auriurn and is due to the fact 
that the tensor tympani muscle forces the foot-pbiteof 
tlie stapes farther into the fenestra vestibuli than is the 
case when the function of the stapedius muscle \n intact. 
Abnormal acutenoss of hearing, especially for low-pitched 
notes, is due to an increased activity of those branches to 
the staptxiius muscle that are not paralyzed (Urbant' 
schitst^h). In middle-ear disease the sense of taste may 
be disturbed in the anterior two-thirds of the touguo, on 
account of direct injury to the chorda tyui|>ani ; anoma- 
lies of the tactile sense also occur. In additiiin. mechan- 
ical irritation of the promontory may, bv stimulating the 
tymtkanic plexus of toe glo'isopharyngca^ nerve, give rise 
to disturbanoes of taste in the ^KtHterior third of the 
tongue, and to an increase^l flow of saliva by irritating 
the small superficial jwtrosal nerve, which goes to the 
jiarotid gland. The power of tasting bitter snbstancea 
is testeu with quinin, sweet substances with a sugar 
solution, sour with vinegar, and salty with salt. If thp 
electric irritability is normal, the seventh nerve palsy is 
slight and recovery may be ex|)ected in from two to 
three weeks. If there arc partial reactions of degenera- 
tion, diminished faradic and galvanic irritability of the 
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from two to three weokw, the jwlsy is more severe and 
rwKivery c^ntiot !« expected to take place in less than 
fmm four to six weeks. If the reactions of degeneration 
are well developed, — that ia, if both galvanic and l»radic 
irritabiiitv of the nerve and faradic irritability of the 
mUHctcs are lost and galvanic irritability of the miitKilcs 
is altered, — the injury is grave. Recovery, if it ow^nrs 
at all, takes place in from three to six months, tnuseukr 
convulsiona and tic convulsif often remaining on the 
affected side. The nrognosis in fat^ial palsy is better in 
children than in adults. It is good if the electric irrita- 
bility of the nerve is normal after two weeks. In wre- 
brul palsies the electric irritability remains intact (.Stiiim- 
pell). Pressure palsies develop gradually, and (tiniinish 
or increase with the changes in the amount of tlic exn- 
date. Parulysis due to destruction comes on suddenly 
and shows no viiriiition in degree. 

(d) General Prognosis. — The position of the organ 
of hearing in the immedtiite neighborhood of the largest 
blood-vessels and of the brain, and its great functional 
importance in the acquisition of speech, intelligence, and 
general human inti'reouree, place diseases <if the organ of 
Bearing in the cat^ory of vital diseases. The prognosis 
improves in proportion to the physician's skill, the cor- 
rectness of his diagnosis, based on accurate examination of 
the ear, and especially on the timely and judicious use of 
remedial measures. Of all persons .sufl'ering from aural 
disease, about 60 per cent, are cured, 29 per cent, are 
improved, 1 1 .5 per cent, are not cured, and about 0.4 per 
eeut. die (Burkner). One in every 1.58 individuals (0,46 
per cent.) dies fnim the results of suppurative disease of 
the ear (Pitt). The mortality in suppurative otitis media 
is 2.5 per cent,, most deaths being caused by sinus disease 
and brain tumor (Barker), and a small number by menin- 
gitis. About one-third of all brain abscesses, two-thirds 
of all cases of pyemia, and about onc-twelftli of alt eases 
of meningitis are caused by otitis media. The fiital cases 
jire most common in the second and the third decade of 



life (Krirner). Among tliu incunihlt' diseases of the ear 
we must count prdgresnive dcafueae, in wliicli the treat- 
ment CUD only be i^yniptomatic. Many juitlents suffering 
from denftiess can, however, be eured. As a rutp, the 
prtgnosis can be determined by a single careful examina- 
tion. Timely and appropriate treatment of acute sup- 
purative pHK-essea affords the best prophylaxis against 
chronic suppuration, deafness, deaf-mutism, and intracra- 
nial disease. Even chronic suppurations that have existed 
for years and that have completely destroyed the power 
of hearing and threatened the integrity of the brain and 
blood-ves8els by encroacliing on the bone can be cured 
by ojieratinn. 

(ej General Treatment. — 1. Disinfection.-— In any 
local trt'alnieul,<'^]HTi!tlly in the treatment of sujipurative 




FlQ. 46.— StcrillKer. 

conditions, in operative intorfercnws and during Ihe after- 
treatment, and in the tn-jitment of injuries gonenil surgical 
principles must be obscr\-e<l — clisinfeotion and asepsis or 
antiseiisis of the hands, the instruments, the dressing 
material, and the field of operation. Before any o[>era- 
tioD in the auditory meatus or middle ear is pcrforme*! 
the pinnee must be cleansed with soap, a 1 ]>er cent. 
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solution of lysol, clhcr, and alcohul, and the nieattu_ 
syringed with a 1 jwr cent, solution of lysol and dried 
with sterile gauze, after which it should be wiped with 
absolute aleohol or an aliMiiiotic solution of bichlorid. 
The hair must be cut short, and, if the mastoid process 
is to be opened, the head shaved behind the ear for a 
distance of three inches. The instalments are sterilized 
by boiling them in a sterilizer for ten minutes in u 1 [>er 
cent, sohition of sodium biciirboiiate, after which tliey are 




Fiii. 4!).— sterilizer for gnuzu and 



placed in ft 3 per cent, sohition of carlwlic acid (Schwartze), 
No instrument, not even a speculum or a probe, should 
be used for two different patients without first Iwing 
boile<I. Cotton and strips of pauze are sterilized in a 
closed metal lx)x {Fig. 49) in which they are kept ready 
for use. Catheters and small rubber tubes for the tym- 
panic cavity are kept in special glass jars (Fig. 50), If 
the patient is allowed to carry out the treatment himself, 
lie must be instructed carefully in r^ard to cleanliaesa 
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CLrcAAsiNu tul: ear. 

of the Iiandt;, dret^sing material, syniig;cs, aud spoons for 
instilling drops into the ear. If there is piiM, tlie pinnre 
ami auditory miatus must be cleansed with a 1 |)er cent. 
solntion of lysol, ether, and alwohite alcohol before any 
niedi«iinoiit is iiilriMluced into the ear. 

2. Uethod of Gleansing tiie Ear. — Cleansing of the ear 
is effected by wiping it with cotton — dry method — or by 
means of a svringc or an ear-batli (muist niethctd}. An 
erroneons impression is prevalent tliat syringing the car 
is a panacea lor all kinds of aural affections; this is based 
on tlie fact that the symptoms dnc to the presence of plugs 
of cerumen are relieved immediately by removing the ob- 
struction. It must be remembered, however, iliat such' 
])hig6 of cerumen are preeent in but very few diseases of the 
car. When the meatus is not obstructed and the drum- 
head is normal, syringing has absolutely no value. The 
instruments the siii^eun sii'>uld first employ in every case 
are theear-apeciduiii and the I loud- mirror. The ear should 
be syringed only when there is some substance to be re- 
moved from the meatus or middle ear, snch, for example, 
as pus, cerumen, scales of epidermis, or a foreign body. 
The technique has Ije^n discussed on page 78. Pus may 
be renioveil from the auditory meatus an(Ytymi«inic cavity 
by mcansofai'otton-woundapplicator(Fig.29). The head 
mirror should be used, and tnc cotton should be i-lianged 
rei>eatedly until all the pus is wjptid away and a good 
view of the drumhrad is obtained. In most acute ri'ccnt 
suppurations the cotton applicator is to be preferred to the 
syringe. If desired, the cotton mav lie saturated first with 
u 1 |ier cent, tajlution of lysol or liydrt^n )>f'nixid. In 
ciironic suppurations, if the secretion is scanty and not 
fetid, the appliralor sbonhl be used. If, however, there 
is profuse and fetid discharge, the syringe should be 
resorted to. The materials recommended are a 1 per 
.eent. saline solution, 1 per cent, solution of lysol, I per 
cent, solution of lysoform, 1 per cent, solution of restiruin, 
0.1 per cent, solution of formalin, or iodin trichlorid at 
28° C. (96" F.). Unlcsfl absolutely necessary, the patient 
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!?lunil(l lint l>e intrusted wifli an aural syringe. If thu) 

ciiiinot lie avoided, either a giiiiple soft-rubber syringe ' 

(Fig. 51) that is easily cleansed and has no hard-rubber 

atlaolimcnts, or a Jacohson's aseptic aural syriuge may be 

given. The syringing should be 

I continued until the water returns 

■ clear, after which a piece of cotton 

^M^ is placed in the auditory nieatiiSj and 

^^^^^ the tragus is shaken thoroughly with 

^^^^^ft tlic L-ar turned downward. Theau- 

H^^^V ditory meatns is then wiped dry with 

^^^^^ a cotton-wound applicator. After 

Fig. 51.— Luc* 's rubbtr the ear has been syringed, it should 

syriuge. be kept plu^ed with cotton until 

the evening of the same day. If 

there ts purulent dischai^, ibe cotton must be renewed 

frequently. Sometimes syringing is impossible on account 

of vertigo, which may occur in suppurative ears even when 

the water is warm and injected with very little force. If 

vertigo does occur, air should be aspirated sevenil tiine*^ 

from the auditory meatus and Politzerization resorted to>T 

To flush the tympanic cavity, the ear may be filled 

with water or with a medH 

cated solution, and Politzetifl 

zation performed with 1" 

head turned to one 

I f the tulie is patulous, aini 

biilibles will api)ear in thi' 

fluid. Another method i ' 

fiiisbing the tympanic cav^ 

is by catheterization (ae ~ 

e 105), or by mean 

ik small rubber tube m-!^ 

troduced into the tymponifl 

Fio.sa.— TyiuiMiiuniiuWinidbuih. i;iivitv ibrougli the catlieterij 

or the rubber tube may I 
intrmlueed through the auditory meatus (Hartraann), e 
peeially when the upper portion of the drumhead is p 
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foraUHl and there is titrictiire of the meatus. The inRtrii- 
ment coiiMJ^ts of a beut tube of hard rubber or German 
silver (Fig. 52). The head mirror should be lined, and 
while the patient's head in held aeciirely the instrument 
is introduced throngh the perforation with the right hand, 
which at the same time hoUU the rubber bag connected tu 
the tnbe and filled with any fluid desired. After the tube 
has been introthioed the bulb ia coranressed slowly. By 
directing the end of the tube towaru any suitable point, 
suoh as the attic or antrum, every part of the cavity can 
be cleansed thoroughly. The tube can also be introduced 
into fistulous openings, such as occur in the pugterior wall 
of the meatus. The returning water should be exiimined 
carefully for any admixture of pua, blood, or cholestea- 
toma. The syringing shonld be followed immediately by 
a second syringing with absolute alcohol iKiirner), whioh 
materially assists in drying the cavity. In withdrawing 
the tube, great care must be exercised to avoid catehing it 
oil the margin of a perforation or of the bone. The syring- 
ing is followed by Politzerization, so as to facilitate drying 
uf ihe cavity ami guard against a subsequent swelling of 
any masses of epidermis that may remain. The tube may 
also be used for the purpose of injecting drugs, such as 
hydn^n peroxid. After all the visible secretion has 
been removed from the canal and from the tympanic 
cavity, insufttation should be practised so as to force any 
remaining mniretion into the canal, from which it can be 
removed with a cotton-wound applicator. By means of 
Siegle's pneumatic speculum pus hidden away in the re- 
cesHPH of the tyrnpniiic cavity, in the attic, or in the antrum 
can be rcmovi'il bv ;ir-|ii ration, 

3. Local Applicatioa of Drugs. — Aural baths may be 
given if !i pmtnutt'il aL-tion of the drug is desired, or for 
the purpose of substituting the syringe. Hydnigcn peroxid 
is geiierully used. The patient inclines the head toward 
the sound side, so that the diseased ear points upward. 
The pinna is drawn backward and upwani, and, after 
warming the bottle, the drug is poured directly into the 
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ear until it appoarB at tlie mouth of the canal, Under! 
normal coaditiuiig ekiu and miicuUB membrane react very 
feebly to hydrc^u penixid, but if the drug comes in 
contact with pus, oxygen is rapidly developed and the 
pus-corpoacles are dissolved, with the production of an 
opaque fluid containing minute whitish iiocculi. Ozone 
ia formed, and the midtlte ear becomes thoroughly diisiu- 
fect«d, the inspissated pus being driven out of its biding- 
plaoes and liquefied so that it ia more readily absorbed 
(Keller). The efficacy of aural baths may be enhanced 
by the simultaneous use of Valsalva's experiment or Po- 
litzerization. The fluid i8 allowed to remain in the ear 
for from five to ten minutes. If tliere is much suppura- 
tion, the aural bath should be repeated frequently — twice 
a day, or every two hours. After tlie bath the ear should 
be dried and filled with cotton. Ear-drops {from five to 
ten drops) may be instilled directly into the ear with a 
dropper or with a spoon. The heail is held in the same 
position as for the ear-batb, and the drug is warmed 
before iuBtillation ; af^er from five to ten minutes it is 
removed by turning the head to the other side. An aieo- 
holic solution should not be heated before being instilled 
into the ear. To apply an ointment to the external ear, 
spread on a strip of gauze and leave in place over night 
or for twenty-four hours. Ointments are applied within 
the canal by means of cotton tampons or strips of gauze. 
If a drug is to be applied externally, as by painting the 
surface or by nibbing it into the skin, an area around the 
ear the width of the thumb is so treated. The l»st way 
to apply salves is with Unnu's gutta-peroha plasters. The 
application of cantharides is not to be recommendeil, as 
it is often followed by eczema. Hypodermic injections, 
as of pilocar|>in, are given below the mastoid process, 
The pbarj-ngcal orifice of the Eustachian tube can * ~ 
reached by instillation through the nose, or directly w 
an applicator intro<lnccd through the inferior nasal meat 
(menthol oil, cocain). For the introduction of drugs ' 
the ta\te, see pages 99 and 1 05. If it is desired to a| 




the remedy to a (^ircniuscrihetl s[>ot on the cannl or in the 
tynijiaiiic cavity, a very tiue cotton applicator is used, tak- 
ing care to Huueetse the cuttou go that 
it does not drip ttrichloracetic ucid, 
chromic acid). Caustics may be fused 
on a metal probe (silver nitrate, chromic 
acid). The excess is removed bv syring- 
ing with a 1 ]>er cent, salt somtiuii. 
Powdered remedies, such as boric acid, 
are best applied with insufflators. The 
kind provided with a changeable ghiss 
tip is best, as a fresh tip can be used 
for each patient. The openings in the 
glass tip should be tine enough U> pre- 
vent the eacajK! of any large lumjis that 
would not l>e dissolved by the secretion. 
Cauterization as well as insnfflatJon re- ^^ 

quires the use oftlie head mirror, and pj^, 53 -TTiisiifflutor 
a thorough preliminary cleansing and wiili ^lobs ti|.. 
drying of the meatus. They should 
never be resorted to unless the otoseopic findings are 
unmistakable. Before cauterizing or perfurniing any 
operation on the drumhead or in the tympanic cavity, 
ten drops of a 20 per cent, solution of cocain may be 
instilleci and allowed to remain in the ear for from five 
to ten minutes, or a cotton pledget saturated witli menthol- 
carbol-cocain may lie left in place for five minutes. 

4. Dressings. — An ear that is suppurating, as well as 
one with a i^rforated drumhead, must always be kept 
closed with cotton. The cotton raiisl be changed when- 
ever it becomes wailed with pus. After all the secretion 
has l)ccn removed from the ear, a strip of aseptic guiisw 
2 cm. in width, with a hemme<l edge to prevent unravel- 
ing, may Ih- introdncwl with forccpw as far as the drum- 
h^d. This may be alloweil to remain for from one to 
two days, according to the ({tiantily of the secrclion. A 
compress of aseptic g:iu2e is then applied tn the pinna ; 
over this a layer of cotton and an ear bandage arc 6eeur(>d 
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to tlie head by means of taiics (Fig, ■'34, small ear-dress- 
ing). If desired, the strip of gauze may be saturated with 
a medicament, such as aluminum acetate. In the case of 
restless children and after any major 
operation, a head bandage must be 
applied (large ear dressing). Gauze 
liuudages fj m. in length and from 5 
to 6 cm. in width are used. The 
tmndage is applied around the fore- 
head, ear, and occiput, leaving the 
lower jaw as free as possible (Kor- 
ner). It' the bandage is applieil too 
tightly, edema of the eyelids may 
ensue, which may be mistaken for a sjinptoni of throm- 
bosis of the cavernous sinus. 

5. Slood-letting. — In any acute disease, esi>ecialiy in 
beginning otitis media and mastoid periostitis, blood-let- 
ting is vpry effective. In diseases of the external or mid- 
dle ear the blood is abstracted from a point in front of 
the tragus. In inflammations of the mastoid and internal 
ear, the site of election is on or beneath the mastoid proc- 
ess. Leechcrf — four for an adult, two for a child — shotdd 
be applied, preferably toward eveuing ; or from 30 to 100 
gra. of blood may Ije removed by means of tlie artificial 
leech. Before applying the leeches tlie skin should be 
disinfected carefnily and the auditory caual closed with 
cotton; after the leeches have been removed the wound 
should be closed with a dressing of zinc ointment or ad- 
hesive plaster. 

6. Oompresses.~If a hot application is desired, moist 
hydivpatliic compresses are to be preferred to dry heat. 
Tlie compresses, which should be made of linen, about 
the size of the palm of the hand, are saturated with luke- 
warm water or a 3 per cent, soliition of acetate of alumi- 
num or absolute alcohol, wrung out and placed ui>on the 
ear, after whicli they are covered with waxed paper and 
cotton and secured with a landage. The compresses 
should be changed every three hours. Catapli 



ns, hot J 
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compressea, poultices, and fomentatioiinwith chnniotnile t«a 
are fiurmfiil bccuiise they tend tii liasteti perforation of the 
driimhcad, whieh might otherwise be avoided. They tend 
likewise to diffuse a suppuration — a result that may be 
desirable in some portions of the body, 
but is downright daugerous in the ear 
(von Troltsch), Rupture of a mid- 
dle-ear abscess must always be pre- 
vented by a timely inemon of the 
niembrana tympani. Cold eotnprcsses 
are to be preferred as an antiphlogifltie 
remedy in the region of the ear. When, 
for example, the eanal is obstructed, 
cold compresaea changed every quarter 
of an hour, ice-bags with a dry cloth 
intcrjKtsed between them and the skin, 
or "regulators" (Leitcr t-oils) made 
of aluminium tul>e8 applied aniund 
the ear, through which a constant 
stream of water at any desired tem- 
perature can be passed (Fig. 56), are 
employed. Cold compresses applied 
to the side of the neck diminish hy- 
{lereraia of the auditory meatus by _ 

contracting the carotid artery (Winter- '"".. rcpiintur.'" '"° 
nitz). Cold is very effective in Ix^in- 
ninj; mastoid |>eriostiti« ; at first its effect is likely to (w 
unpleasant, and in some oases it cannot be borne. 

7. Infiatlon and Aspiration. — Changing the air pressure. 
(For the effect of the air-douche see p. 104.) If the drum- 
head is perfnrat<-d and the air in the auditory canal is 
coudenswl by fitting the glass tip of a Politzer bag into 
the external meatus and pompressing the bulb, the air 
contained in the canal and in the middle ear is forced 
through the Eustachian tube inlti the naso)>harynx (infla- 
tion), through the auditory canal (after Lucw), and can 
l>c auscultated through the nose (Politzer). Inflation 
through the auditory meatus is employed for the removal 
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of secretion from the tympanic cavity when 
desirable to ent«r throiiHi the noue. If the ear xn filled 
first with water or a medicated fluid, the tympanic cavity 
will at the same time Iw flushed out (Politzer). The pro- 
cedure must l>e resorted to only when the tube is patulous, 
as it might otherwise raise the intralabyriu thine pressure. 
The pressure in the external auditorj' canal may be 
diminished (Clelund) by compressing Politzer's bag before 
introducing the glass tip into the meatus and gradually 
allowing it to expand. By this means a retracted drum- 
head is drawn outward, udhesion^ in the tj'mjianic cavity 
are stretched or break down, exudate is aspirated through 
a perforation or paracentesis opening, excessive intra- 
labyrinthine pressure (such as occurs after syringing the 
middle ear, for example) is neu- 
tralized, and subjective noises and 
vertigo are diminished. If the 
negative pressure becomes too 
great, hemorrhage and laceration 
of the drumhead may be induced. 
If the ear is sealed hermetically 
with cotton, the nir in the auditory 
meatus is gradually rarefied and 
pressure removed from the drum- 
head, as, for instance, in chronic 
catarrh (Politzer). The pri'ssure 
within the auditory canal may also 
be altered conveniently by means 
of Siegle's specnliini or with Del- 
stanche's masseur (Fig. 56) and 
rarefactor. If massage is em- 
ployed, daily sittings or two sit- 
tings a week will suffice, the in- 
strument being used nbout ten 
times at each silting. The tip of 
the tube is fitted tightly into the meatus, and, by moving 
the metal cap (") backward and forward, the pressure 
within the meatus can be increased or diminished. 




56.— DelHlancbe's 



MASSAGE. 

8. MfiBsage. — Massage of the external ear is iitieful in 
lienintonia. The bkiii should tii^t be anointed with vase- 
lin. Massage of llic facial muselcs in facial palsy, and of 
the neck ia ucuUi and chronic catarrh, is very useful. Its 
clfect is {tartly tu assist absorption and partly reflex. In 
iiia;>8agiiig the neck the hand is carried from the mastoid 
proces.'^ and jtarotid gland liehind the rumiis of the lower 
jaw, along the line of the sternocleidomastoid muacledown- 
wai-d as far as the clavicle ; or a special apparatus consist- 
ing of a conciisaor attached to au eccentric handle and 
driven by a motor (Fig. 57, «.) may be employed. Two 





sittings a day, each of five minntcs, are generally given. 
In chronic catarrh of the nose and Eustachian tube the 
miicouB membrane may be ma[i«aged with a straight cot- 
ton-wonnd probe, the inferior turbinate having first been 
ew-ainized. For the orifice of the Eustachian tube a 
curved prol)e, introducetl through the mouth, is used. 
Massiige should be given daily, altont 300 strokes to the 
minute (I.ak.T, UrKintschitsch) (Fig. 57, 6). Massage 
of the middle ear is followed by temporary improvement 
in adhesive pnnrcBses within the ear — in chronic catarrh, 
after otitis mwlia, in immobility of tlie stain's. It is 
t)ccasionally usefid in nervous deafness accompanied by 
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rigidity of the soiind-coiKluction appuratus. The simplest 
way of performing ma»8age is hy Hommel's metliod of 
pressing on the tragus. The trae<i» is pressed against 
the o[)ening of the meatus and suddenly released in rapid 
BuuuiHsioii. This is done four times a day, 120 times a 
minute. Better results are obtained with Delstanche's 
miisseur, with which the air-pressure can be regulated; 
tills should be nsed everj' day, about 30 times a 
minute. The movahitity of the cLuiti of ossicles can be 
directly influenced by means of Lucie's pressure probe 
(Fig. 58), the pressure of which 
caD be regulated from 100 to 300 
grams. A small pledget is held 
against the short process of the 
malleus and moved to and fro, at 
first from 2 to 10 times a day, 
later 100 times a day. The in- 
strument can be driven by elec- 
tricity. The head-mirror should 
be used. Rapid change in the air- 

Eressure may be brought about 
y means of Breitung's air-pump, 
which is <lriven by a motor or 
driving-wheel (Figs. 59, 60). Dur- 
ing the process tlie movement of 
the drumhead can be observe<l by 
means of a pneumatic ear-specu- 
Itmi (Siegle's speculum). If hy- 
jteremia appears in the middle 
ear, massage must be discon- 
tinued. Tlie instrument may be 
driven at the rate of about 400 
blows a minute, the length of the 
stroke not exceeding 2 mm. As a safety-valve to avoid 
any injurious effects, Lucaj recommends a small o]K'ning 
in the tul>e leading to the pneumatic speculum. Daily 
sittings of from five to ten minutes may be employed. 
The procedure is coutraindicated Ity vertigo and severe 
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tiniiitua minum, especially in persona siifferiDg from 
nervous deafneas, acute intlammatioti, or atrophy of 
the drumhead. 

9. Electricity. — The constant or galvanic current is 
more frequently used in the treatment of aural diseases 
tbuu is the fanidir nr induced current. In otalgia, es[H!- 




i'M. :i!l.— Elwlrii: motor witli ISwituug-a air-pump. 

cialiy aft«r acute inflammations, a strong: fiiradic current 
lasting aljout three minutes ia uaefiil (Urbantschitsch). 
The gHlvHnio current is usecl for the purpose of testing 
the irritability of the seventh nerve. In paralysis of the 
seventh nerve it should be iised four times a week, two 
minut«-s at each seance. First the anode, then the 
cath<ide, is ap))lied in front of the mastoid process, and 
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SDudf remsiiiH olosed, and to pass over as raiiidly and 
lightly 8H iKMsiUlc the stages when the tinnitus is in- 
opoaaoii, wnich iiMuaity is during «atiiodaI closure and 
while the natlxHlc mmains clwed. Sometimes the re- 
aetion in roverwil, llic subjective noises being dimin- 
ished l>v eatlimiiil rlnsiirc and during continnanee of 
cnthiHlaf eloHnri'. IT, lliiTerore, anodal closure is found 
to diminiNli llie liiiniliis, thi- numle shouhl be closed and 
till' I'urriTit. iiIIowihI to flow fniiu five to twenty minutes, 
ftflor whicli the fori-.' of the current Is diminished by 
nu'unN of a rlieo«(nt, taking care that no oi>ening reaction 




EAR-TRUMPETS AND HEARISQ EXERCISES. 

takes p]a<?e. If the tinnitus disupptiurs tluntig unodal 
closure, it is a favorable pr<^iiostic sign. The iniprove- 
meut ill the lieariii^ is, ae a rule, less marked than that 
of the tinnitus auu head eyiuptoms. In rui-e eaucs the 
hearing becoRies worse. 

In using the galvanocautery (Schwartze) for the re- 
muvul of granulations or the remains of polypi, aud for 
making an artificial o)>ening in the drumhead, platinum 
wires (Fig. 61), either pointed or with protected jwints, 
mounted on Schech's handle, are the best. After in- 
stilling a solution of cucuin the |)oint is applied to the 
desired spot and brought to a, riKl-heat. Care must be 
used to avoid cuniiug in contact with the walls of the 
meatus or labyrintli. Electrolysis through a catheter 
may be tried in atreaia of the Eustachian tube and i^tric- 
tures of the auditory canal {Ostmann). 

10. Ear-trumpets and Hearing Exercises. — Ear-trnmiK'ts 
are ushmI for the jmrposc of assisting deaf [(ereous tii under- 
stand conversation. They collect the sound in the conic, 
funnel-shaped, or trumpet-shaped month, reinforce it, 
and conduct it into tlie ear. If the deafness is due to a 
labyrinthine affection and ankylosis of the stapes, flexible 
trum))et8 are to be preferred. In 
deafnewt due to suppuration niclal 
trumpets are the best. When spoiik- 
ing into an ear-trumpet the spciikir 
should moderate his voic« and erasr 
talking from time to time, otherwise 
the patient will exiRTienoe tiuiiitu'- 



\ 




and pain in the ear. The patient should pick out the 
rar-trnmpct that suits him Ix'st ; the most exiMmsivo in- 
struments arc not always the most serviceable onex. The 
Bimplest and liost to recommend is Duuker's eflr-trum[)et 
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(Fig. 62). It is a siii't IiiIm; 1 in, in length, with a conioa 
mouth -piece and a pointed ear-piece, 8hurter ear-trum-l 
}>et» are made of tin, leather, or hard ruhher ; the last I 
are collapsible. An otophone is an instrtmient that is J 
tautened to the side of the head and la Riip[>o)jed to tumJ 
the pinna forward no as to enlarge it and make it betterS 
adapted for catelung the sound. It does about as muolcl 




good as placing the hand behind the ear. Ear-trumw 

are often of distinct use to a deaf person in enabling n 

to understand conversation, but tlieir effect, as a rule, 

not lasting, and the artificial reinforcement of the soam 

even in atrophy of the eighth nerve, ia usually too ui 

pleasant to be borne. A smaller i 

^ft strument that can be worn in t 

^^^^H has been devised by Politzer ( 

H^^V 03). It holds the walls of the n 

H^y apart and catt^^bes and reinforo 

\fr sound. Audiphones and dentaphoiu 

„ „ consist of discs of hard rublK-rorpasf" 

Fin. St.— Pol I tier's , i^ii .lliil^ *^* 

f«r-tiibf. board tliat are to be hekl between t 

teeth. They are intended to be use 

in disease of the sound -conduction apjiaratus to moke t 

fullet4t possible use of bone -conduction in place of i' 
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conduction. Their usefulness is usually indirectly pro- 
(lortional to the claims put forth by the munufacturera 
[" electric hearing spectacles !"). 

The hearing exercises recommended by Urhantsehitsch 
for the pur[)ose of shaking the eighth nerve out of its 
torpor may !>e of some use in functional disturbances, 
sucn as hysteria, but in organic disease they have no 
more value than seeing exercises In atrophy of the oplio 
nerve. On the other liand, it is a very good plan to 
encourage persons who are hard of hearing to utilize what 
hearing remains to them as much as possible by attending 
the theat^'r, going to concerts, and into society. After all 
power of hearing conversation is lost, an intelligent patient 
may lie instructed to read the lips by a competent teacher 
of deaf-mutes. Great proficiency may be acquired in ihia 
art if the learner poseesaes the necessary patience. 

11, Treatment of the Hasopharyiuc. — Tne nasopharynx 
plays an importaut part in the etiology of manyaural dis- 
eases, and, therefore, frequently requires treatment as well 
as the ear. Many aural affections, especially acute catarrh, 
heal of their own accord after the nasal obstruction, which 
is the original cause, has iieen removed. The injurious 
ciTect of nasal disea.se on the organ of hearing is due to 
the habit of breathing through the mouth, which alwuj"a 
accompanies nasal obstruclion, to the dirwt compression 
of the pharyngeal orifice of the Eustachian tube, to insuf- 
fioieut ventilation of the tube, and to the danger of infec- 
tion that exists in nil inflammatory diseases of the uose 
and throat. Hence any suppurative condition in the nose 
and pharynx must be vigoroualy combated by treating the 
mucous membrane and tiie accessory cavities. The treat- 
ment includes the introduction of bougies, Politzerization, 
irrigation, the removal of obstructions by operative means, 
enrotting, painting the interior of the nose with substances 
such as Lugol's solution, and insufRation of so«lium su- 
xoiodol, etc. Spniys are useful only when the nose or 
nasopharynx enntains mucus, pus, or cnists that cannot 
rea<lily be removed by blowing the nose. The patient 
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should bluw each nostril separately. ImgHtion is beetfl 
performed willi a small rubber buUi-sjringe (Lues) < 
with an English klyso-piimp. For iastillatiunu into ti., 
nose a tt^aapooii or Friinkel'a na-sal douche may be used, I 

The nasopharynx is In-st cleansed by gargling. The p 
tient takes a mouthful of water, throws his head 
and takes deep breaths through the nose (Mfialer). 
nasopharynx can be cleansed directly by means of aspran 
with a bent nozzle, which can be introduced liehind t' 
uvula (Schwartze), The fluids to be usc<l in spraying thi 
nose and nasopharynx are a 1 per cent, solution of boriL 
acid, 1 jier cent, salt solution, borococain solutions, etoj 
at a teni[»emture of 28" C. (Sa" F.). In spraying 1 
nose the patient should drop the head forward ; the nozK 
of the spray Is introduced in the more coutructed nai 
and directed backward, taking care that the nozzle do« 
not fit tightly into the naris. During the operation r 
piratinn is carried on through the moutli. If the spraying 
IB done properly, the water will return through the ( ' 
naris. The procedure is facilitated by making the maai 
e or a. The patient should not blow his nose for half K 
honr after spraying it. If some of the water gets infag 
the ear, there is some danger of infection, and the patiend 
ehouhl be fold to swallow several times, so as to drain thf 
tympanum througli the Eustachian tube. 

Acute inflammatory infections of the pharynx are treats 
by gargles and hydrofherapeutie compresses, chronio o 
ditions by local applicatiim of silver nitrate, Lugol's sold 
lion, etc. Hypertrophied pharyngeal tonsils are troubM 
some in much the same way as are adenoid vegetatioDU 
they may exert direct pressure on the opening of the tnb( 
or interfere with the action of the uvula and thus prevei 
proper ventilation of the tube, Hypertrophied toni" 
are l>est removed with Mathieii's tonsillotome. An 8 ' 
ant takes the child on his lap, holding the child's I 
with the right hand, the hands with the lcfl,and the li 
between his knees. If the hyiK'rtrophy is slight, »' 
mcision of the crj'pts with a guarded blade is buT 
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Any patlioiogic comlitioii in the nasp or pharynx that 
interferea with nusal respiration, such us hypertrophic 
rl)initi», deviations, and outgrowths of tlie sepliini, polypi, 
polypoid hypertrophies of the ends of the turbinates, pol- 
ypi in the nasopharynx, and adenoid vegetations must be 
removed by cauterization with trichloracetic acid, silver ni- 
trate, chromic acid, the galvanocautery, or some other ope- 
rative meauH. Temporary improvement may be achieved 
by massage of the mucouw lucmbrane, the instillation of 
menthol oil, spraying with cooain, inhalations of menthol- 
chloroform, and coryza powder. 

In the treatment of hemorrhage fnjm the nose packing 
with Bcllocq's cannula is to Ik; avoided as much as pos- 
sible because tamponade of the nasopharynx is one of the 
most fruitful causes of purulent decomposition and infec- 
tion of the ear by way of the Eustachian tube. The 
hemorrhage should be arrested at the bleeding point by 
cauterizing with chromic acid. 

One of the most frequent diseases of the nasopharynx, 
and one that exerts a marked inflneuci' on the organ of 
hearingjis hyperplasia of the pharyngeal tonsils, diffuse and 
obstructive — so-called adenoid vegetations — Meyer (PI. 
21). HistoltJgically, adenoid vegetations consist of reticu- 
lar connective tissue the meshes of which are filled with 
lymphocytes and contain nunierons genn-Iaden follicles. 
The surface is covered with ciliated cylindric or B([uamoiis 
epithelium, .\dcnoid vegetations are caused by chronic 
inQamniation of the pharyngeal tonsil or by developmental 
anomalies, and api)ear to be more or less hereditary (Bloch) ; 
their development is favored by measles, scarlet fever, and 
tuberculosis (Trautmann). The hj-pertrophy frequently 
extends to the palatal tonsils ; in such cases these should 
be removed first. Adenoid vegetations usually begin to 
evince symptoms in the second or third year; thoy inter- 
fere with the ventilation of the tubes, exert pressure on 
the vessels, and thus lead to congestion in the tultes and 
in the middle eiir, and prodnre middle-ear catarrh, bui>- 
pupation, [>artial deafness, and deaf-mutism. Failure to 
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breathe thrmigli (lie noac is followed by a train < 
Loiim: the jutient keeps hia mouth constantly open, ' 
snores, L-oniplaiuH of headache, is restless, does not 
sle«p soundly, loses his appetite, and is unable to blow 
his nose. Infants are unable to nurse with comfort or 
to drink more than a mouthful at a time. Later ou the 
speet^h becomes flat, the devctopmeut of the bones is in- 
terfered with, und a high, narrow palate and anomalies 



s 



I 



Flo. 64.— tlottBtein's Fl(i, 65.— Jlcck matin's Fig. OQ.— TrautmaiinV 



in the position of the teeth result. The term aproscxia is 
applied to a symptom -com pi ex eonsisting of inattention, 
loss of memory, enuresLs, and stammering. The lymphatic 
glands in the inferior triangle of the neck are often swollen 
(Thost). The diagnosis is made by the expression of the 
face, which, however, is common to any form of nasal 
obstruction, and by examining the nose. If the inferior 
nasal meatus is ojien, numerous nodules are seen in the 
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posterior pharjngeal wall (Zarniko) timt reflect the light 
and move upward during phonutioii. Pri)biiig with a 
sound in painletiH, and iustead uf thu sensitive, retiistant 
pharyngeal wall, a Hofl, movable tissue is em^ountered. 
The cunditiuQ is usually accompanied by hy|)crtrophio 
rhinitis. In older ehildrea postrhinoscopic exaniinatioD 
reveals in the roof of the pharynx a dinuse swelling or 
the presence of fingerlike projections that obstruct the 
choance from behind and compress the pharyngeal open- 
ings of the tube. Sometimes adenoid v^;etations can be 
seen hanging down behind the uvula by a mere iuspection 
of the mouth. Mucus is often seen trickling down from 
the nasopharynx along the posterior pharyngeal wall, and 
even adenoid granulations arc sometimes seen. Digital 
examination confirms, or in small children takes the place 
of, examination with the mirror. 

Numerous instruments have been used for the n'moval 
of adenoids. In imitation of Meyer's curctGoltstein con- 
structed a very serviceable three-cornered instrument, 
which is introduced directly into the postnasal space 
CF'ig. 641. Beekmann's euret is qnadrilateml in shape 
^Fig. 65). Trautraann has contributed a sharp curet 
(Fig. 66). Jurasz and others use a jK^tnasal foR-eps 
bent at an obtuse angle (Fig. 67) ; Hartmann, a snare, 
and Schotz, an adenotome that works in a groove (Fig. 
68). The swelling may be temporarily reduced by caus- 
tics, the insufflation of sotlium sozoiodol, or the instillation 
into the nose of a 5 per cent, solution of menthol in oil, 
but, as a rule, operative removal is necessary. Children 
may be held on the lap, or, if they are very unruly, 
slightly chloroformed in a half-sitting posture or with 
the head falling forward. In adults the u\'ula and jxw- 
tcrior pharyngeal wall, with the exception of the phar\-n- 
gcal tonsil itself, is anesthetized with a 20 i>er cent, solu- 
tion of cocain. Under strong illumination with the hcnd- 
mirnir the tongue is depressed with the left hand, the 
curet inlrodnceti with the right behind the soft palate, 
between the uvula and tlie tonsil, and the handle depressed 
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HI) that the curct touches tlie vuuitT in fi-ont. The iiistru- 
iiieut is then ibrct'd agaiiiat the roof i)t" the nasopharynx 
and carried downwai-d, first in the median line, with 
moderate force, so as to cut away the central portion of 
the adenoid. Two mure sti-okes ai-e tlieu made to the 
right and left, in Rosen niullcHs fossa, taking care not to 
go out tuo far so as to avoid the tuhal fold. 

After removing the curet, which must be done with 
care ao as to avoid its catching on ihe soft, palate, the 



Vw (>7,— .liiras/s [loslQiuwl forceps. 

patient ehuidd lean forwai'd and blow eacli naris sepa- 
rately. Usually there is a severe hemorrhage lasting 
several minutes, and the tonsil is often swallowed along 
with blood and mucus. The postnasal forceiw is intro- 
duced into the postnasal s|»ace with the blades closed, and 
after it is in plnc^" the blades are sejiaratetl so as to seize 
the trin-iil and dniw it downwiird. If the tissue does not 



give way at once, the blades should be opened again so 
as not to injure any other tissues fvomer, soft palate). 
This operation should always Iw followed by a thorongh 
eurctling. In the case of infants, a sninll (Mistnasal for- 
ceps is the most useful instrument. After the operation 
the nose and ears are tamponeil and tin- child is ordered 
to bed for twenty-four hours. It should remain in the 
house for three days. For the first two days it should 
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takf only lukewuna liquid noiirishnaent, miuh lu milk, 
aggti, ami soup, und-gni^le with a Bolutiun ot" potas- 
bium periuaugauatc' — ono crystal to \ liter of lukewarm 
water. If there is pain, cmcke<i ice may be given. In 
rare wisef the operation is followed by severe liemorriiage, 
which may require packing of the {>ostnusal space. Orca- 
flionally the operation is followed by acute otitis media. 
Adenoid vegetations should not be removed during the 
painful stage of an acute otitis media; otherwise, suppu- 
ration from the middle ear im no contraindication. During 
the afler-treatment oil of menthol is instilled into the 
nose, and, if there is much swelling, the turbinates may 
be tdutihed with caustic. The results of the operation 
begin to show themselves in from three to four weeks, 
and can be determined bv ins|)cction with a mirror and 
by digital examination. Recurrences are not uncommon. 
It takes some time for the children to accustom them- 
selves to keeping the mouth cloned ; if necessary, they 
should wear a respirator or a Schmidt's nose dilator. 

12. Constitutional Treatment. — If the aural affection is 
due to a general dirieaHP, the lixail measures must be Hup- , 
j>orted by treatment "f the entire organism. Lues, scrof- 
ula, tul>ercu!osis, anemia, chlorosis, digestive disturbances, 
etc., call for the appropriate dietetic and medicinal treab- 
nient. Climate fri'ijiiently exerts a marked influence on 
aural diseases. Middle ear ejitarrh with aural discharge 
may improve where there is plenty of forest. A high 
climate, such as that of the Alps, exerts a favorable influ- 
ence on nervous deafness antl stapes ankylosis, and the 
imticnt's hearing undergoes a tetnimrary impn>vement. 
The seashore is oenefieial for scrofulous and tuberculous 
forms of aural disoatx!, but unsuitable for ankylosis of the 
stapes and any disease accompanied by marked subjective 
noi.«es. In addition to climatic treatment a bath or min- 
eral-water cure is of advantage. A four to six weeks' 
course of sool-baths at a temperature of from 25" to 30° 
C. (77° to 86° F.), each Iwth lasting from ten to twenty 
minutes, one every seuond or third day, diminishes the 
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tendency U> rc-laptsing middle-i-ar i-atarrh and iDHamm*- 1 
tion, especially in Mirofula and anemia. (Strong saline 
waters, Berlin, Harzbiirg, It^>Jil ; saline nraters contain- 
ing ifxlids and broiuid>s Kreiizuacii, Hall, Kmnkcnlicil- 
Tolz ; carboiialetl ferruginotk^ waters, ^■hwallwch, Pyr- 
monl, Ebter. ForaumlafTection^ the ri'Stilt of respiratory 
dii«a£es, alkaline mineral waters, such as those of Ems, 
Viehy; for alTei^'lioiis the result of digestive 
disturbances, EjKsoin and bitter waters, Karlsbad, )Ia~ 
rienbad, Franzensbad. For nervous deafness with marked 
subjective noises, simple saline springs, Buden-Baden, 
Hombtirg, Xissingen ; or, simple hot springs, Warm- 
bninn, Teplltz, Ga^itein.) 

Patients suffering from aural disease should always 
stop up their ears before taking a liath. Diving, jump- 
ing into the water, cold douching, or any vigorous hydro- 
Kthic measures must not be indulged in. Cold eea- 
ths are often followed by ill results, especially in 
ankylosis of the sCajtcs. Warm sea-baths have a cura- 
tive effect in chronic middle-ear catarrh and in ankvlusis 
due to Borofnla and rachitis. I^ukewarm baths at 26° C. 
(79° F.) twice a week have a sedative effect on subjective 
noises. Russian baths are often very harmful, especially 
in ankylosis of the stapes. Persons troubled with »ul>- 
jective noises should c'sehew hot beverages, the use of 
alcohol, tfibacco, coffee, and tea, and avoid overexertion 
and the wearing of light cli.tbing. 

(f) General Hygiene of the Ear.— The body 
should lie burdened by sjwnging (all but the head} with 
waler at from 7° to S^C. (45° to 47° F.), by taking 
regular exercise, and by sleeping with oju-n windowa. 

Healthy ears should never be closed with cotton ; it is 
indicated only when there is a |)erforation of tlu' dnim- 
hciid. During washing or l>athing, water should never 
be allowed to enter the ear, whether it bi- mhuhI or 
diseased. The ears should he dried carefully fifter wash- 
ing to avoid the ilevelopmeiit of eczema and fnwt-bites, 
to which children are especially subject. Scratching the 
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mrattis witli a pencil, Imlr-pin, ear-spoon, etc., the instil- 
lation of cliloroforai, ether, or oil, the introduction of 
foreign btxlies, such as onions or garlic as coiinterirri- 
tants in toothache, are harmful and often lead to painful 
inflammations. Unaiicceasful attempts at removing a 
foreign body from the ear iisiially end in thrusting it in 
further. Boxing the ears is apt to produce lacerations 
of the drumhead or concussion of tlie labyrinth. The 
practice of perfoniting the lobe of the ear for the purpose 
of weariug ear-rings is a fruitful c»iise of inHamination. 
The beat way to remove ear-wax is with the end of a 
tuwel or with au ear-spoon, which, liowever, must never 
be introduced deeply into the ear. Cataplagms and 
fomeutiition.4 for tbe relief of otalgia are humiful. Over- 
indulgence in alcohol and tobacco injures the auditory 
nerve. If the individual is exposed to intense auditory 
impressions, ho shotdd close the ear tightly with cotton. 
This applies to boiler-makers and gunners. Nervous 
persons may protect themselves against the noise of the 
streets by wrarint an antiphone (Fig. 69), consisting of a 
sphere that occludes the auditory mea- 
tus. Syringing the ear or nose witii 
piston syringes of doubtful cleanlin 
18 hiirmful. The nose should be cleansed 
by blowing each naris separately, the 
other being firmly closed. Other«'ise 
the air is forced into the ears and the 
mucus remains in the nose. The teeth should lie cleansed 
after each meal and especially before going to bed, tlie 
mouth Iteing thoroughly rinsed, and the throat gargled 
with a 2 ]ier cent, alcoholic solution of sulol. Carious teeth 
should be extraete*! ; and false teeth should be removed 
during the night. The nasal passages must l»e kept open. 
Nervous patients should not choose an occu[iation that 
overtaxes the hearing, such as telephone operating, esjje- 
cialiy if they are already suffering from aural disease, as 
overexertion of the hearing is apt to bring on gravt 
vons troubles, or even a psychosis. 
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B. SPECIAL PATHOLOaV AND TREATMENT. 



I. Pathology and Treatment of the Sound- M 

CONDUCTION ApPARATrs, I 

A. Diseases of the External Ear. — (a) Diseases 
of the Pinnse — Tlic difleasew i»f ilie pitnuu, if we ilisre- 
g-aixi nial forma I ions, net i pi as mis, and injiiriert, aftbct the 
cutaneous covering mure than the cartilage. They 
do not interfere with the power of hearing unless the 
Bwelling IB such as to ocflude the opening of the meatus. 
Tliey may, however, extend to the adjoining tissuefi, and 
thus threaten both the hearing and the patient's life. 

1. Hyperemia. — Etiologji, — <JoId, heat, diseases of the 
skin, vcnons cougestion, as in cardiac disease, angioneu- 
rosis of the sympathetic nerve, and disease of the middle 
ear attended with the production of adhesions. 

Siftnoloinn. — Redness and heat of the pinna. In nngio- 
neurosis the symptoms are generally unilateral, come on 
in pariixysms, and are accompanied by tinnitus and vertigo. 

Trenlmenl. — Cold compresses, dusting-powders, Unna'fl 
ointment. In imginneurosis galvanization of the cervical 
sympatiietie. 

2. Traumatic BermaMtlB. — Etiolof/i/, — Infection after in- 
juries (piercing the ear, laceration by ear-rings), insect 
bites. 

SymptcmiB. — Redness, swelling of the skin in the neigh- 
borhood of the injured point, with pain and a feeling of 
tension ; rarely, ei mum scribed cutaneous g-augrene, mani- 
festing itself by black color and loss of sensatitm in the 
skin. 

Trealment — Disinfection of the injured spot, ice com- 
presses, compresses saturated with aluminium acetate, and, 
if home, absolute alcohol. 
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3. Dermatitis Eiysipelatosa. — Etiology. — Invasion of ' 
tilt; iskiii by tin; strentococciw eryisiiwlattjs (FehleiBen), 
favoreil ijy abrasion ot the cutis, due to eczema, particu- 
larly in a pcrforaied lobe, or an acne pustule that has 
been oiteneu. It is frequently seeoudary t4> facial ery- 
liipelas. 

Vournf and Sifmptotiu. — deneral Sipnptamx. — Fever up 
to 40° C. (104° F.), heada*!he, involvement of the sen- 
soriuni. LomI {^ffviptotm. — Markeil redness, swelling 
and [>ain in the pinna and immediate surroundings ; the 
Hkin is shiny, tense, and sometimes covered with vesicles 
containing a scruns fluid ; glandular enlargement is 
present. Ri-covery occurs in about eight days; rarely, 
suppuration or gangrene. 

TretUmeiii. — Co<iling ointments, dusting-powders, com- 
presses of absolute iilci>liol. 

4. Dermatitis Phlegmonosa et GangnenoBa. — J'JtioltM/i/. — 
Infection mI' lUr skiu, ii^iiidly after infectious diseases 
(typhoid), parlicularly in reduced wiiients. 

Vourfte and Stfrnptoms. — Fever, intense pain, knocking 
sounds in the ear, circumscribcil or ditfuNe redness, and 
swelling of the entire pinna. At the end of three or 
four days fluctuation develops. Purulent iierichondritis 
may ensue and destroy the cartilage, flstuhe may form, 
or gangrene may set in. Primary gangrene of the pinn.^ 
rarely occurs as the result of vascular degenenition in 
the course of some grave disease, ustmllv sliortlv before 
death. 

Tieadnenl. — At first ice compresses ; when fluctuation 
develops, deep incision and dniinagi' with strips of iodo- 
form gauKe. The dressings should be changed everyday. 
Ill .gangrene the system must be supwirtetl by tonies, 
and necrotic areas n.'nioved and aseptic tmndiiges applieil. 
For the ])ain, nmrphin sulphate O.OI gm. (gr. \) hypo- 
dermieally. 

5. Dermatitis Oongelationis et Oombustionls (Frost-bite 
and Bnrna). — AVi'')/(«/i/.— A buormally thin skin, impaired 
circnlulion, [uirticohirly in chlorosis or in the cunliao 



150 



PATirOLOGY AXD TREATMENT. 



ileHcieiiey of oltl age. The pinna may freeze even i|^ 
moderately cold weather. Scalding of the car is usual); 
due to hot water or to hot vapon*. 

Course and Si/mjttoms. — In bnrns there are pain, heat^ 
redness, and swelling, wilh an intense ilclitng sensatioDiJ 
Vesiculatioii and even gangrene may residt. In frost^ 
bite circumscribed chilblains, excoriated nodides, 
cially at the margin of the helix, and sometimes larg 
blebs witli hemorrhagic contents and f«attereil areas a 
gangrene are produced. Mild cases recover, btit if flM 
injury is nevere, great deformity and extensive cicatrioui 
contractions result. 

Tivalmeitt. — For fiuperficial bnrns dusting-powders am 
an aseptic tmndagc or compresses of e<]iiul jiarts of Iiin&: 
water mid linseed oil (curron oil). For severe burns dresBi, 
ing with a 3 per cent, aqueous solution of boric acid or a S 
per cent, solution of acetate of aluminium. Granulaticn ' 
near the mouth of the canal or on the ear itself should li 
touched with argentic nitrate to prevent adhesions. Some< 
times skin-grafting after Thiersch is required. To hast«* 
opithelialization the wound may be dressed with boric ata 
or silver nitrate ointment. Mild frost>-bite may be treate 
by cold compresses, or Cfjnipresses wrung out in hot wat« 
slightly jicimilated with vinegar. The injured areas maj 
be uainted with tincture of iixiin or traumaticin if th, 
epiaerm is intact. The itching is relieved by camph(^ 
ointment. If the skin is excoriated, zinc oxid plaste^ 
mulls should be applied. In severe fro.st-bite the necroti 
portions must be cut away and the wound dressed anti 
septically. Cireumscriljed ulcers are first cauterized wiM 
silver nitrate and then dressed with silver nitrate oiirf 
ment. 

6. Bczema. — J^hlogy. — Eczema is produred by i 
external irritant acting on the skin, such as otorrhei 
instillations into the ear, cantbarides applied behind i 
ear, irritating dust, as among metal-workers, iodofon 
dressings, and the wearing of ear-rings. It occurs s 
darily to eczema of the face, i»ediculosis capitb, and wh* 




ECZEMA. 

ever the resisting (tower of tlif skin lias liefii iinjKiircil, as 
ill (liabetcti. dyspepsia, or dyttiiicnorrheu. 

Course and i^mpionut. — The eezenia Iwgiiis witli itehing 
and a feeling of heat. In cliildren tlie unset Ih often at- 
tended with fever. The lesions at first appear as small, 
reddish elevations ("papules), most nnmerons on tlie poste- 
rior surface of the piunte. The mpnics It^'ome converted 
into vesicles and pustules. The latter bnrst, and the weep- 
ing form of eczema is produoHl (rhagadcs). As the secre- 
tion dries, criistsare formed. If the inHammation subsides 
after the erosions have been covered with skin, desqua- i 
mation ensues. The acute form lasts from four to six 
weeks, and usually ends in recovery. If the original 
cause persists, eczema of the moist variety ensues. The 
lymphatic channels may become obstructed and lead to 
elepnautiasis of the pinna, especially of the lobe. Stricture 
at the mouth of the meatus may Iw pnxiiiced by adhesions 
of excoriated areas lying opposite one another. Chronic 
eczema is more refractory to treatment than is the acute 
form, and is very likely to recur. 

Treatment. — Removal of the cnuse, such as pediculosis, 
by wasRing the head with a T) per cent, solution of cor- 
rosive sublimate in dilute acetic acid. The patient should 
not Iw allowed U> irritate the skin by scratching or wash- 
ing. Acute ccKcma yields to a simple dusting-powder. 
The moist variety requires an ointment, such as diachy- 
lon, zinc oxid, 1 per cent, ichthyol, or salicylic acid ; or a 
zinc i>xid plaster mull may be applied. In chronic moist J 
ei^zeina the iinrt should Ik- bandaged with some ointment, 
such as diachylon or Wilson's ointment. Crusta may be 
softened by applying comi)resseB of a 2 per cent, solution 
of ijoric acid or acetate of aluminium, or with fresh olive | 
oil. The ointment remaining from the dressing sliould hn 
removed wilh cotton dipped in olive oil, not with water. 
If tliis fails to cure the condition, the ear must he washed 
thoriHiglily with Hehni's tincture of soap befivre the baml- 
age is applied, A chronic, dry scaly eczema should I 
treated with one or two daily applications of tar, either 
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ill the form of a tincture (liquor carbonis detergene) or a 
a plaster. Obstinate cases may be cured by the use of! 
ohrysarobin ointuieiit or by cauterization with a 1 to l&l 
per cent, solution of silver nitrate, followed by the appU-iT 
cation of white precipitate ointment. The general treafe-rl 
nient embraces iron, cod-liver oil, etc., and a strict regu-i 
lation of the diet. I 

7. Herpes. — Etiolor/y. — It rests on a nervous Iwbis. Sira- 1 
pie herpes follows a cold or an ordinary dermatitis. Herpeff ■ 
zoster, when on the anterior surface of the pinnee, is aoel 
to neuralgia of the auriculotemporal nerve; when on thtti 
posterior surface, to neuralgia of the auricularis magnug.f 

Course aiid fitfinptoma. — Groups of vesicles appear, aV4 
tended with heat, itching, and fever, particularly aroundiV 
the lobe and helix, where the skin is reddened, swolleu^lT 
and painful. The glands in fi-unt and behind the ear are 
enlarged. Recovery occurs in about two weeks, the vest- 
eles drying up ; rarely, they undei^ ulceration. Herpea'l 
zoster IS usually unilateral and does not recur. In rare] 
cases it is accompanied by paralysis of the seventh nerve.-4 

TTeatment. — Dusting-powdere, diachylon or morphis:! 
ointment, boric acid ointment. For pain, hypbdermiof 
injections of morphin, ■ 

8, LnpnB Vulgaris. — Etiology and Pathology. — Local J 
tuberculosis of the skin of the ear, either primary or,J 
more frequently, secondary to lupus of the fiice. Micro-'] 
scopically, diffuse infiltration and nodules consisting of j 
plasma-cells, leukocytes, and giant-cells, and containing J 
the tubercle bacillus, are found. The nodules underg^l 
central caseation ami ulceration, or resolution and cicii'4 
trization result. 

Caur»e uiui Symploiim. — It usually begins in yontKjl 
Reddish-brown, desquamating nodules, somewhat dfr-9 
pressed below the level of the skin, are first noticed^ 
These disappear and leave atrophic scars, or else then 
develop into flat ulcers the floor of which consists of ■ 
spongy, granulating, bleeding mass. The mai^ios aii 
clear cut; the ulcers are usually covered with cru 




SYPHILIS— OTHEMA I'OMA. 

The infiltration may extend more deeply and invade the 
cartilage. The skin becomes nnderraine<l wo that the 

Eiuua k converted into an ulcer only jtartially covered 
y skin and adherent to the aide of the hend (Plate 15). 
Even it' recovery ensues, the pinna remains greatly dis- 
tigured. 

Treatment. — The granuIatiuoB should be destroyed with 
the galvanocautery, by the solid stick, by exposure to the 
Rontgen rays, by the injection of tuberculin, or by ex- 
cision, including some healthy ti&'^ne; the latti;r procedure 
to be followed by skin-grafting. 

9. Syphilis. — Etlohffy. — Primary infection of the pinna 
itself, by kissing, scratching, or biting, is rare. The sur- 
geon is more likely to meet with nocondary or tertiary 
pheuomena in connection with general symptoms. 

Cmirse and Symplmiut. — The jirimary lesion is an ulcer 
with indurated base and abrupt, indurated edges, with 
a somewhat depressed center. The Ivmpli-glands are 
greatly enlarged. In secondary syphilis papular erup- 
tions appear on the piuua in connection with a general 
cutaneous eruption ; or ulceration, particularly at the 
helix, the entrance of the meatus, and around the per- 
foration in the lobe, may l)e present. Gumma of the 
ear manifests it-self in thickening and ulceration of the 
auricle, which at Grst may be oonfonndcd with perichon- 
dritis. 

Ti'faiment. — Inunctions of mercurial ointment ; potas- 
sium iodid (5 to 10 : 200) internally ; ulcers to be tlusted 
with calomel powder and touched with silver nitrate or 
dressed with silver nitrate ointment. Carbolic acid and 
mercurial ointment plaster-mulls may be a 

10. Othematoms. — E/iolor/i/ i 
neons or traumatic laceration of the hli>od-ves,selfi of t 
perichondrium with the formation of a fluid effusion 
i>etween the cartilage and the |M?richondrinm, and in the 
body of the cartilage. It is favored by softening, vacu- 
olimtion, and hrittleneas of the cartilage, such as occurs 
in old age and in insane individuuls. 



lay be applied. 
I'athoioffp. — Sponta- 
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fymrtt and StfrnploroM. — On the anterior $ur&ce of t 
pinna, u-tually in th« triangular fos.-^!, a nipiillr growiof 
fiiu-tuating swelling suddenly make:^ JLi appeaniDi^ a 
may octaLHionally involve the entire anterior sur&c 
tlw: pinna, leaving onlv the helix and It^iule free. 
Kkin is bliiUh-red- On transillumination the swelling l| 
found U> be opa(]iie. Hwelliogg of spontaneous origin 
nsiially smaller than those doe to traumatism. The c 
dition is generally painless. Resorption of the blood M 
followed by recovery, or, if there is much shrinking t 
the cartilage, cicalricial contraetions and distortions c 
the pinna (Plate 15). In rare cases, when the integrit]! 
of tiie skin i^ destmyed, the hematoma suppurates. 

Treainieiit, — Cold eorapresses, multiple punctures witl 
a ttmall bictonry, under aseptic precautions. Presaui#!B 
bandage wtth a pad behind the pinna. If suppuration 
occurs, incise and remove any necrotic pieces of cartilage. 
After the third week, massage fifteen minutes a day, 

11. OTstB. — minloff!/ and Palhofix/i/. — When the car- 
tilage unilerg'>es softening, collections of a. serous or 
sligTitiy yellowish exudate are fuund in the smccs of the 
uirtiioge and underneath the perichondrium (Hartmann), 

(burw and Hymptome. — Without pain or inflammation 
a swelling gradually develops on the anterior surface of 
the pinna. It occurs most commonly in males during 
the prime of life. Recovery in two weeks, without de- 
formity. 

Treafjiifnl. — Exploratory puncture followed by evacua- 
tion of the fluid ; (Irain with sterile gauze; apply bandage. 

12. Perlchondiitis. — Etinlof/y. — Infection following a 
traumatism, burns, after plastic operations on the audi- 
tory moiitiiB, and after otitis externa and media ; rarely 
in tuberculosis. 

Cbwrse and Symptaiiw. — As in othematoma, but more 
slowly, a dark red, at flrst dnngliy, and later fluetuatiug, 
swelling develops on the outer surface of the pinna and 
is attended by intense pain. The skin is hot. As a 
nilR, the entire piuna is involved and the swelling ceasea 
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abruptly at tlie lol>e. Depcii«ling on the intensity of the 
process mid the extent of cartilage involved the iwi- 
chondritis ends either in recovery or in iiecrosjis of the 
cartilage and disfignrenient of the pinna. The exudate 
at first resembles synovial fluid ; later it becomes puru- 
lent. In tuberculosis we find much granulation tissue 
that may contain tubercle bacilli. 

Treat incut. — At first ice coniprtHses or cold wet dress- 
ing. If there is (liiclu;itiuii, incisu and rc^move uecrotic 
cartilage. Ur-.iin :iiiil ;i|i[>ty ^lLvs^illg. In tiilierculosis, 
injections of glyccri'l nf inJiiliirm. 

(b) Diseases of the :^xtemal Auditory Heattis. 
— DiseoHes of the aiidiluiy meatus frequently follow dis- 
eaaea of the external or middle ear. If the lumen of the 
canal becomes completely occluded, the power of hearing 
is seriously impaired. In that case the functional test 
yields the signs of slight impediment to the sound-con- 
duction apparatus: Rinne partially negative; Weber in 
the diseaned oar ; Schwalrach moderately prolonged. 
Diceases of the auditory meatus may extend to adjoining 
regions (the parotid gland, the articulation of the jaw, 
the middje fossa of the skull, the mastoid process), or 
the converse may tatte place. It ts important, in all 
infiammations of the auditory meatus, to exclude partici- 
pation of the middle ear. This is done : (1 ) By means 
of the otoscopic findings (movement of the drumhead by 
Siegle's pneumatic speculum) ; (2) by the nature of the 
pus removed by irrigation (mucopurulent dischai^ 
always comes from the tymtranum) ; (3) by the degree of 
auditory disturbance, whicli is less in diseases of the 
auditory canal than when the disease is more deeply situ- 
ate<l. 

1. Hyperemia affects only the bony )>ortion,and follows 
iiiflamnintory processes in the meatus and middle ear. 
It" it |)ersists for some time, it favors the accumulation of 
cerurncn. 

2. £c2ema. — Usually accom|winies eczema of the pinna. 
TretttmciU is the same as that given for that condition, 
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page lol. The medicinal i^ub^tance is introduced on 4 
ootloi) tampon or etrip of ^iize, bo as to prevent wlbesiof 
between excoriated areas on opposite walls. Dustingk 
powders are introdneed with tne insufflator. In s 
eczema the ^tarts should be paintetl with a 10 per ceD^ 
solution of silver nitrate. Itching is relieved b_v whitQ 
precipitate ointment. If the canal is occluded by 1 
adhesion of crusts, or if there is fetid discharge, it mi 
be syringed with a '6 per cent, solution of boric acid, a 
the crusts softened with olive oil or menthol ' 
before any Iwal application is made. 

3. Herpes. — AcL'ompanies herpes of the pinna. To fa 
treated with boric acid ointment on strips of gnuzc. 

4. Syphilis. — Usually secondary, rarely tertiary 
primary ; often accompanies syphilis of the pinna. ] ^ 
the break iug-down of broad condylomata, usually fount 
on the anterior cartilaginous walls of the canal, c 
6hii{)ed ulcers with soft floors and granulating edges anj 
produced. The lumen is obstructed, and there is a fetidj 
serous secretion. Witli the onset of ulceration violent 
pain develops, and there is marked glandular enlarg 
ment. Recovery occurs with or without stricture of t 
canal. Diagnosis is based on general examination. 

Treatment. — Constitutional. Syringing with a 5 pero 
solution of formalin, parking with iodoform gauze. TIa 
granulations are touched with the solid stick, Insu£B 
tion of boric acid and application of the small ear-dre 
ing (see p. 130), 

8. Otitis Externa Oircnmscripta (Furuncle), — £^iologj/.— 
Infection of the hair-follicles by the staphylococcus pyi 
genes (Plate 30) through excoriations of the skin, as ti|| 
eczema, scratdiing the ear, instillations, the use of < 
spoons, and contaminated ear specula. It also followi 
otitis media, particularly when the resisting powers < 
the body are at low ebb, as in diabetes. Eelapsea fra 
quently occur by uuto-infi-ction of contiguous {H)rtions a' 

i skin, and tlie infection may be carried from one e 

tlie other. 




Course and Symptoms. — The patit'iit stiSers violent ' 
pain in the car, h«id, throat, and teetli ; he complains of 
insomnia. The puin usually snbside.s towanl morning. 
Soon a reddish, painful prominence appears in the carli- 
lagiiions, or more rarely in the bony, portion of the 
meatuH. The pain is inereaaetl by traction on the ear, by 
opening the moulJi during eating, and by yawning. Un- 
less resolution takes iilaee within two days, the hair-fol- 
licle breaks down, and on the fourth or the fifth day the 
swelling points and a plug of necrotic tissue is extruded. 
Recovery occurs in about eight days. The surrounding 
skin is reddened ; sometimes a furuncle is found on the 
opjiosite wall. Rarely the destructive process extends to 
the i>erio5teum, and a circumscribed periostitis with super- 
ficial necrosis of the bone or gmnulating fistula results. 
In rare cases the furuncle bursts through the posterior 
wall of the canal into the mastoid process (periostitis 
ma^toidca) or through the floor into the retromaxillary 
fossa, or through the roof into the middle fossa of the 
skull. Sometimes there is high fever and the mnstotd 
process is edematous. (In mastoiditis wc have infiltra- 
tion without marked rise of temperature.) The lym- 
phatic glands in front of the tragus arc enlarged — no 
entaivement occurs in mastoiditis. Deafness is greater 
in otitis media than in otitis externa. Pressure on the 
mastoid process is usually painless in otitis externa, but 
distinctly ]>ainful in mastoiditis. In children otitis media 
is more frequent than otitis externa. 

We distinguish a furuncle on ihe |>osterior bony wall 
of Ihe meatus from the nither shallow bulging of the 
nmf and posterior wall that occurs in mastoiditis by the 
course of the disease and by palpation with a probe. 
From deep gmnulating fistulie funinclos are distinguished 
by the com|tanitive alienee of elevation, and from exos- 
toses by their softness. The differential diagnosis between 
a furuncle on the anterior wall and an abscess of the par- 
otid gland rupturing into the auditory mtntus is bascii on 
the clinical course and possible causul connection between 
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the disease of tlie aiKiitorv iDcutii^ ami the swelling iltfl 
front of the car (pus is forcwl out b_v pre^ure on 
parotid). It is important to t-jcamine without ttie i 
Ilium in otitis externa in onler to avoid puin. 

TrentitifTa.—Uest. The diet should be bland ; all alo( 
holic beverages mudt he interdicted. Internallv, 0.5 g 
(8 grains) of phenacetin ; morphin, 0.01 gni, (| grain) hyp( 
dermicnlly ; leeches in front of t* 
tragus ; sedative inunctions amiind t 
ear with such substances as chloruforq 
oil. In the banning of the otitis e 
terna eold compresses of 3 per < 
solution of acetate of aluminium o: 
compresses are serviceable. CatapUsDI 
are contraindicated. The ear may li 
paiuled with iodia, and an alcohoU 
solution of corrosive sublimate instUle 
into the ear. If pus is discovered, ti 
furuncle should be incise<l. The i 
erotic plug is delivered by pressing € 
the biisc of the swelling with the profa 
A strip of gauze satumted with alumii 
ium acetal« is then introduced iutotf 
incision, and the treatment with ( 
1si!cet' ™7*^furun- compresses continued. The next < 
oivs. instillations of an alcoholic solution fl 

boric acid three times a day are h _ 
to prevent recurrence. This should be continued two ij 
three times each week until recovery is complete. GraoH 
lations at the margin of the furuncle should be touohof 
with the solid stick or removed with a snare or a ehu 
Kpoon. To allay tiic itching, white precipitate ointraei 
is introduced on a tampon. If the furuncles contini 
to recur, ear baths with a 1 per cent, solution of t 
siuni sulphate for four weeks (Scliwartze) should 1 
given. 

6. Otitis Externa Diffusa. — Ktiohtjy. — The same as f 
tile circumscribed form, which it occasionally follows. 
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often occurs after the cxtrat^tioii of foreign Ixxlies, burii:-, 
aud the removal of epithelial plugi?, etc. 

Coursf. and Symptoms. — The Hjiuptoms are more inurked 
than in the circumscribed form, as the greater portion of 
the skin, especially in the bony portion of the meatus, and 
sometimes tlie periosteum also, is involved. The lymphatic 
enlargement is greater. There is edema of the mastoid 
process. The canal is reddeacd, and the lumen is ob- 
structetl by maceration and swelling of the epidermis. 
Sometimes the epidermis separates in layers or as an 
entire cast of the canal. Granulations frequently occur 
here and there on the coriura. There is a seropunilent 
and oftcu a fetid discharge. The inflammation may 
extend to the drumhead and the epidermis of that 
structure beconio opaque and fissured. In some cases 
the subjective symptoms and the swelling of the walls 
of the meatus subside, whereas the secretion continues 
and becomes chronic. In rare cases the drumhead softens, 
a perforation is formed, and the tympanum becomes in- 
fected. Extension to the cranial cavity is rare. Stricture 
of the meatus may result from hypertrophy of the coriura 
and ossifying pcnostitis, or atresia may develop by adhe- 
sions forming between excoriated surfaces on opposite 
sides of the canal. 

Treaimmt. — The same as for the circumscribed form. 
The cause of the trouble should be removed, if possible 
(incision of the walls of the canal to relieve tension is of 
no avail). Strips of gauze saturated with an alcoholic 
solution of boric acid or aluminium acetate may Iw intro- 
duced into the canal, or ear-liaths in absolute alcohol or 
an alcoholic solution of sublimate may be onlered. Gran- 
ulations should be cauterized. If there is a fetid discharge, 
the canal is syringed with a 3 per cent, solution of boric 
acid and carefully wiped, after which boric acid powder 
should be insufflated, A small dressing should be applied ' 
over the ear. 

7. Otitis Externa Hsemorrhagica. — Etinlofjy. — Otitis ex- 
terna or media, (-s|>eci:illy in influenza; traumatiism due 
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to Hiiddeii (liniiiiutioti in the air pressure of the aiidii 
meat 116. 

Coarm and t^mptoms. — The patient complains of pain 
and tinnitua anriutn. On tho l>ony floor of the meatus 
linear dark-b]ue vesicles develop, which quickly collapse 
when touched with a prol>e. Rupture of the vesicles is 
followed by the dischai'ge of a hemorrhagic exudate. 
Recovery occurs in about two weeks. 

Treatment. — Incision of the vesicles, insufflution of 
boric acid, and small ear-tlressing. 

8. Otitia Eztern& Gmposa. — Etidwiy. — Usually follows 
otitis media and externa in otherwise healthy individuals. 

Syinptoinit ami Gourde. — There is violent (lain, and the 
bony portion of the canal iMwomes (iovered with a yellow- 
ish membrane consisting of fibrin and recurring after 
removal. Progm>sis ia good; recovery occurs in two 
weeks. 

Treatment. — The membrane should be removed with a 
syringe or with a forwpw. This is very easily done. In- 
sufflation of bnriv acid and .small eur-dre^ssing arc useful, 

9. Otitis Externa Diphtheritiwi. — Etiology. — Infection 
with the dipiithfria Iwicillus usually by way of the middle 
ear, in scarlatinal diphtheria, pharyngeal diphtheria, or by 
Wiiy of the external meatus in epidemics of diphtheria. 

Cour«e and Symptoms. — The walk of the <»nal are 
covered by a dirty gray membrane containing the diph- 
theria bacillus. In primary diphtheria the membrane is 
painful. It is removed with difficulty and leaves a bteed- 
mg, lacerated surfiice. There is a thin, purulent secretion. 
The pinna is reddened and occasionally the seat of ulcers. 
Lymphatic enlai^ment in front o^ the ear and in the 
neck. Fever, if it is complicated with diphtlieria of the 
middle ear. There is no pain, but the prognosis is less 
favorable than in primary diphtheria. Separation of the 
membranes is followed by recovery with or without strict- 
ure of the canal. The non-diphtheric epithelial mem- 
branes that sometimes occur in otitia media are easily 
removed and do not leave a bleeding surface. 
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Treatment. — Constitutional — injet-tioii of senim and 
local treatment of the tliroat. Locally, ear-bath of 
lime-water, lautiug one-half hour, one every hour, fol- 
lowed by irrigation with a 3 jrer cent, solution of borio 
acid and the insufflation of equal quantities of boric and 
aalicylic acid. Wlion the ^viiiptoms begin to subside, 
instillatitiii uf alcoiiulic ^oliitiuii of salicylic acid. 

10. Otitis Externa Desquamativa (Epithelial Plugs; 
Oholesteatoma of the External Auditory Meatus). — ^iol- 
Offi/ and Puthology, — Desquamative inflammation of the 
ekm (if the auditory meatus, either idiopathic or after 
chronic hypereuiiu. Microscopically, the epidermal layer 
is found to l>e atrophic, and the stratum comcum thick- 
ened ; the latter is covered by successive wavy layers con- 
sisting of large polygonal horny cells of squamous epithe- 
lium without nuclei. In places the cuticle shows round- 
cell infiltration. The hnir-follicles are dilated and filled 
with layers of horny cells (Plate 35). 

Omrne and 8i/mptams. — ^Tinnitus aurium and impaired 
bearing when the meatus is occluded. Sometimes pain 
and fever suddenly come on from maceration of the con- 
tents, as after a bath. The auditory canal ctmtains whit^ 
ish masses, arranged in layers like an onion, firmly 
adherent to the walls of the canal. If the accumulated 
material is very great, the pressure on the adjoining bone 
may lead to atrophy, so that the canal becomes consider- 
ably dilated, especially behind and above (Plate 27). 
Sometimes there is a dilatation of the floor and anterior 
wall, if there happens to be a bwH where ossification had 
become arrested. Rarely there is an accompanying otitis 
media. The cholesteatrmiatous masses can sometimes be 
drawn out of the ear like a ribbon, but as they easily 
tear, their removal is often difficult. 

Treatment, — The epithelial masses should be softened 
with glycerin and alcohol, and the canal wyrlnged with 
a 1 per cent, solution of .'wdium biiurltonate. Sometimes 
it may be advisable to soften the ping and separate it 
from the wall of the canal with a probe. It is not 
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always possible tu remove the entire aia»'& at one sitting^ 
Sometimes it may l>e ueeessarv to U8e a t'oreigD-boi^l 
forceps, or to anesthetize the patient and euret t£e canitlV 
with a sharp spoon. After the ping has been removed,fl 
instillations of alcoholic solution of boric acid should be^ 
kept up for sis weeks. 

11. Otitia lixtema Parasitica; Otomycosis. — Eiiology\ 
and Puihology. — Fungous growths, usually from the as^l 
pergillus niger, in the auditory canal. They are, as 1 
rule, due to excoriation of the epithelium and st 
exudation after iuflanimatory conditions. They are 
favored by instillations of oil, etc. The mycelium (J 
30) penetrates as far as the rete Malpighii, and in 
caseti leads to otitis media. The mycelium consists < 
desquamated pavement epithelium, tubules with doub 
contours (hyphen), and spneric, blackish spores (cDDidia)i| 
Here and there a hyphen projects from the myceliui 
with a knob-like extremity (receptaculum). The latt« 
is surmounted by cylindrio cells (sterigmata), arranged 
a radiating group. The prolongations of the cells c 
tain sporcij that have separated from the sterigmate. '\ 
entire knob-like structure is known as the sporangium. 

Cbtiyse and Hymptom^. — The condition is most commoi 
in the poorer classes. It begins without any sul 
symptoms or with the symptoms of an otitis extern 
Invasion of the rete Malpighii by tlie fungus oocasioDi 
itching, tinnitus, and pain. If the auditory meatiH 
becomes occlude*!, the hearing is impaired. Pieces ( ' 
skin of a dirty-white color may be removed from the e 
with the ear-spoon. Within the meatus wbitish mac 
of epithelium that look as if they were sprinkled i 
soot or epithelial shreds are found. After tlie mat« 
has been removed, the canal appears reddened and i 
places excoriated. Recovery may occur in a week or ' 
delayed for months. The diagnosis is confirmed 
microscopic examination. Relapses are common. 

Treatiiteiil. — Scratching, washing, or any other pre 
dure that would injure the ear is tu be forbidden. 
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ebreds of tiaaue must be peiiiovt'd witii a probe, forceps, 
or syringe. Alcoholic soliitiuns of corrosive sublimate 
or salicylic acid should be injected every day for four 
weeks, and continued twice a week for six weeks follow- 
ing recovery. 

Among the rarer conditions in the external ear are 
mold-fungi {eurotium repetui), pityriasis versicolor, psori- 
asis, penipliigus, actinomycosis, and pseudoactinoniycosis. 

12. AnDmalies irf Secretion.— iJ/o/o^y. — Rapid secre- 
tion and accumulation of cerumen when the ceruminal 
glamls are abnormally active as a result of hyiiereniia 
and ovurnutrition. This occurs after eczema, in otitis 
media, and when the ear is cleansed too frequently. 
Diminution of the secretion in atrophy of the glands and 
in trophic disturbances (ankylosis of the stapes). 

Courtie and Si/mptoms. — When the secretion is dimin- 
ished, the soft, brownish cerumen is replaced by whitish 
granular material. In entire absence of secretion the 
skin of the canal is dry and scaly and itches. Occa- 
siunully in children the cerumen is fluid, like pus, and 
emits a fetid odor ; in liuch cases there is some danger of 
mistaking the condition for an otitis media. The com- 
monest condition is ooclusiun of the auditory meatus by 
a brown plug of cerumen, which may be soft or as hard 
as a stone, and contains a mattc<l mass of epithelium and 
hair. The plugs may attain to considerable sixe and 
contain cholesterin crystals, pathc^nic micro-organisms, 
and, iwcasionally, small foreign bodies and chalk (oto- 
liths). They may give rise to constitutional manifesta- 
tions, nervousness, vertigo, neuralgia, or epilepsy. The 
principal local symptom is a sudden onset of deafness 
fVillowing complete occlusion of the e^nal by maceration 
of the plug after bathing or profuse |)erspi ration. The 
pressure on the dnimhciid produces tinnitus aurium. If 
a suppurative otitis media exists, the pbtgH may lead to 
retention of the pus and sometimes to meningeal irritjt- 
tion. 

The prt^ntwis should be guarded before removal of 
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tlie plug ; af^r it is removed, the wall of the canalv 
apjtears sealy, sometimes excoriated in spots, aod covera* 
with granulations and secretion. The plugs are < 
sionally covered with epithelium. Their removal is oft 
fullowed by temporary tinnitus, vertigo, and hypere 
thesia. The hearing should not be tested finally unl 
two days have elapsed. 

TVtaimertt. — If the plug is soft, it may be remuvi 

with a syringe, if necessary, after loosening it with 1 

probe or prying it off with au ear-spoon. If the pl>% H 

hard, it must first be softened by injectii^ 

ra glycerinabed solution of sodium bicart: 
nate for three days. After the canal li 
been syringed, a piece of cotton should b 
worn until evening. Granulations are ( 
be touched with chromic acid. Inaui 
lion of boric acid ; small ear-dreeauM 
To guard against recurrence, boroglyoen 
should be instilled for four weeks i~ 
recovery. 

13. Foreign Bodies. — Etiology. — Foi 
eign bodioa may get into the canal a 
denlally while the ]tatient is asleep,- 
pio. 71— Schmidt f[,p instance, the forficula anriculans,— 

they mny be put in purposely for the I 
lief of toothache (garlic). Children often put things inl 
their eara in a spirit of mischief or to relieve itching. 
Course and ^ipnpforM. — The foreign body may be t 
and swell up, — as a pea, for instance, — or it may be harj 
an a pearl or a stone, or it may be a living organism, bim' 
as cockchaifers, the eggs of flies, and larvffi. Aforeignb 
may remain in the ear for years without giving riae^ 
any symptoms, or it may occasion general manifestatit 
such as cough, vomiting, epilepsy, and paralysis. A a 
body becomes macerated and occjisions tinnitus, vert 
and deafness. If the skin becomes abraded, infectu 
may follow. Living insects may give rise to intolera" 
paiu — in badly neglected cases of suppuration, grube n 
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be present without prixlueiiig symptoms. A foreign body 
iu the car luuy become u source of danger when un at- 
tempt is made to extract it, or if there is otitis media and 
it leads to pus-retention. The first step, if a foreign body 
is suspected, is to make sure of its presence by an uto- 
scopic examination, and, if necessary, by carefully sound- 
ing with tlie probe to test its consistency and mobility. 
If the surgeon neglectjs to examine with the mirror and 
at once proceeds lo introduce an instrument into the ear, 
he may gel into the wrong ear, or he may not find the for- 
eign body because it has already fallen out. If the foreign 
body has a smooth surface, such as a pearl or a bean, it 
may Ik? impassible to seize it with the foreejxs although it 
lies near the entrance, in the cartilaginous portion of the 
canal. Tlie foreign body alijw away from the jaws of 
the forceps and is thrust deeper into the canal, sometimes 
us far as the isthmus (Plate 3), Then, if the surgeon 
attempts to remove it forcibly, he may thrust it through 
the isthmus into the bony porlion, where there is danger 
of its injuring the membranous and bony walls of the i 
canal ; or it may perfonile the drumhead and enter the | 
tympanum, with the danger of injuring the h^mpanio I 
ossicles, blood -veRselfi, the seventh nerve, or the laby- j 
rinth. If the foreign bo<ly is foul, it mav produce an ] 
infective otitis nietlia or externa, and the mfection may I 
spread to the cranial cavity and terminate fatally. 8ume- j 
limes a small foreign body escapes detection with the | 
mirror because it is hxigcd in the reces&us meatus acustid j 
extern! (Plates 3, 4). j 

Trr<itmmt. — First the presence of a foreign body must I 
bo determined beyond a doubt by a careful examination. I 
In most cases it is best removed with a syringe. The ] 
stream should be directed wherever an interval is seen 1 
between the foreign l>ody and the wall of ihe canal. I 
Sometimes it may be necessary for the patient to lie j 
down. If the presence of a small bo<iy is suspected, an I 
attempt may be made lo remove it by syringing even if 
it cannot be seen. A living insect snould first be killed 
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by iiiji'ctiiig a dntp nf oil of turpentiue or absolute alot 
liol. If the foreign liixly is maccmted, an attempt shouldB 
be made to cause it to shrink by injeoliug absolute 
alcohol. 

If the canal is inflnme<l, no attempt at syringing * 
should be made until the swelling has subsided. In- 
stead, compresses are applied or the ear is bathed with 
an alcoholic solution of boric acid. If the foreign body 
completely blocks the canal, it should be gently pried 
loose from the wall with a probe. The syringing roust 
be patiently persisted in for some time. Unless some 
special danger threatens, there is no hurry about remov- 
ing the foreign body; but if, on the other hand, there are 
violent pain, fever, vomiting, and choked disi^, and syring- 
ing fails to remove the foreign body, it must be removed 
with an instrument bv an ex|»erienced hand, if necessary 
under anesthesia. For this purpose a probe or a blunt 
hook 13 used. The instrument is inserted between the 
foreign body and the wall of the canal, so as to drag it 
forward from behind. A soft object or a hard one with 
a rough surface can sometimes be seized with the forceps 
(Platea 26, 79). If a soft body completely occludes ttw- 
canal, it may he extracted with an instrument likei*^ 
corkscrew. If the foreign body is lodged in the tyi 
panum, an attempt to remove or dislodge it may be tn 
by Politzerization or irrigation through the catheter, 
the foreign body is wedged fast in the depths of the o 
a waiting policy may l>e pursued if there are no ai__ 
indications; but if the foreijtn hudy is wedged fast 1 
the tympanum and otitis media has develoiwd, it must 4 
once be removed by operative means, even in the abeeni'' 
of alarming symptoms. If the foreign body cannot \ 
extracted thn>ngh Ihe auditory canal, the patient Is sni 
thetized and the pinna loosened from the -skull. 

Immediately behind, and parallel with the line of vm 
portion (Plate 29), an incision 5 cm. in length is mat 
down to the periosteum. The pinna and posterior met 
branons portion of the wall of the canal are then dii 
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eeet<:d off and tliriist I'orwani ; iit llie junction between 
tbe pfjsterior uiL'nibi-aiioiis imrtiou ami the bony por- 
tion of the caiial the niembmnuUB portion 18 divided 
transversely as fur as the anterior wall. After the hem- 
orrhage has been conlrollwl tbe pinna is turned over for- 
ward 80 that tbe bony canal is freely exposed. The for- 
eign body can then be readily removed by syringing it, 
pryiug it lotise with a probe, or by seizing it with a pair 
of forceps (Schwurtze). If the foreign boily is wedged 
fast in the tympanum, it may become necessary to ehisel 
away the osseous ]>ortion of the bone or the posterior bony 
wall of tlie canal, as in the radical operation, taking cure 
to do as little damage as possible within the tymjunic 
cavity. The operation is completed by packing the audi- 
tory meatus and snturing the wound benind the ear. A 
large ear-<lressins is app]ie<l. During the after-treatment 
scrupulous asepsis must be obeervetl. The granulations 
at the jxiint where the wall of the rai'atiis has lieen di- 
vided must l)e touched with silver iiitmic and the canal 
eapefiilly packed with strips of gauze to prevent perichon- 
dritis and the formation of adhesions. Otitis media due 
to the presence of a foreign btnly u.iually runs a favor- 
able course. If inlracruniiil complicution.s arise, opera- 
tive treatment iH-comes neceswiry. 

14. Stenosis — (a) StricturB. — fCHohiffi/ muf Palhulogy. — • 
Pisn'garding acute conditions with swelling of the canal, 
stenosis may be due to chronic thickening; of the walls of 
tbe meatus, cicatricial adhesions of excoriated surfaces on 
opiKwite sides of the canal, careless after-treatment of 
ratlical operations, proliferation of the bone from the 
j)erio8teum after taries, and in old i>ersons to collapse of 
the walls from atrophy of the cartilage. 

Gourge and Sj/mptonut. — The Inmen of the canal is 
narrowed ; in some cases, when tbe stenosis is due to 
co11a]»e of the cartilaginous walls, it can be dilated with 
a pnilw. The stricture is often circumscribed, and the 
lumen of tbe canal is normal in front and behind, so that 
tbe obstnictioD resembles a diaphragm with a circular or 
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cleft-like opening. The condition must not be ooiH 
founded with [wrforation (Plate 15). In linear E^tricture 
the lumen of the canal U often t^piral. When the roof J 
and posterior buny wall are thickened, the liuiien of th4j 
catial may appear flattened above, Tlie prohe enables 
ua to distinguish between a membranona and a bony, o 
between a short and a long, stricture. Marked impait^ 
ment of the hearing i.s observed only in very exteiu^imfl 
strictures. In purulent otitis media the stricture is apt 
to favor retention of pus. 

Treatment. — Membranous strictures are dilated by t! 
introduction of tents. Sometimes it is necessary to mal 
longitudinal incisions in the canal or employ electrolyei 
In otitis media the tyn))>anum must be flushed out witi 
the tympanum tube. If alarming symptoms develop^ 
the pinna must be separated and the stricture exoiseoi' 
Bony strictures require removal of the hyperostosis witl 
a chisel and Komer's plai^tic operation ou the canal (se 
below). The wound behind the ear is closed with snturef 
and during the after-treatment tlie meatus is carefiill]g 
packed with gauze and adhesions prevented by means o 
the cautery. In collausc of the walls a small hearitq 
tube mnet be worn in the ear. 

(^) Atresia. — Etiolot/y. — The acquired form is due ( 
adhesions between eseoriations on opposite sides of T 
canal after injury, suppuration, or canes (for the c 
tal form see below). 

Cbwrse find Si/viptoma. — In atresia the canal is occludi 
by a disc of connective tissue like a septum, or by lonL 
tudinal strands of connective tissue, or even by bonfl 
tissue, especially in the inner segment of the bony po 
tion of the canal. The nature of the condition is dete 
mined by means of the probe or by examination with I 
Siegle speculum. The walls of the meatus gradiuU[' 
merge into the atresia, which looks like a grayish-whll 
surface without any characteristic points, and usuallj 
appears to be nearer than the drumhead. Ronyatrewi' 
or atresia due to the presence of longitudinal strands a 
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connective tissue, produces tinnitus and deafness or 
marked inipairinent of the hearing. If the atresia is in 
Ihe furm of a septum, there may be but little impair- 
ment of the iiearing, and even whispered conversation 
may be heard tiiroiigh an ear-trumpet. 

Trmtmeni. — If the atresia is in tlie form of a aentum, 
an attempt to relieve the condition may be matie by 
dividing the membrane and keeping the orifice open by 
inserting little tubes of lead until the edges have become 
covered with skin. In severe cases the pinna is sepa- 
rated and the site of the atresia excised down to the 
bone. 

(j-) Erostoaea xaA Hyperostoses. — Etiofoffy. — They are 
due usually U\ i]t'Vi'lii]iiiii'titul anomalies of the tym|ianic 
portion lit' ilic leiiiiJiu-jl lnjiii'. More rarely they follow 
periostitis ; they may be hereditary or they may occur in 
the course of syphilis and gout. 

Chume and 8_iimp(i»nx. — Exostoses due to developmen- 
tal anomalies are usually circumscribed and composed of 
compact bone. They appear in the form of slowly grow- 
ing yellowish-white tumors (Plate 38) with a bmatf base 
or petlunculated, and are attached usually to the roof and 
IMJsterior bony wall of the canal. They may be single 
or multiple, and sometimes occur symmetrically in both 
ears. Oecaslonally they are found on the snuanious por- 
tion of the temporal hone (Plate 17). The exoetosiii 
produces narrowing of the canal, and if there are two, 
one on the posterior and one on the anterior wall of the 
canal, the lumen is reduced to a narrow cleft. The 
driirahead is partially or completely obscured. If an 
exostosis is small, there are no symptoms; larger ones 
interfere with the hearing and occasion tinnitus, and 
sometimes neuralgia. If an otitis media exists, there is 
danger of retention. Sudden deafness frequently devel- 
ops from maceration of cerumen plugs lying in the 
lumen. Exostoses are hard to the touch. A uniform 
stricture of the canal may be produced by the concentric 
prolife rations of the tympanic portion of tlie bone (hy- 
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pcrostoses, Plat« 17). An anomalous Muidition that In 
oft^n observed eoiimsbt in exaggeniti'd convexity of thsL 
floor of the canal, obscuring tbe anterior Imll of tbel 
drumhead. 

Treabnent, — Subjective symptoms occur wlien the lum 
becomes obstructed witli secretion and cerumen ; tlu 
may be relieved by flushing out the cunal through ] 
tympanum tube. If there is much interference with tbi _ 
heanng, mrticubirly if the deafness exteuds to the other 
ear, and if alarming symptoms develop from retention of 
pus, the exostofiin must oe removed by operation under 
anesthesia. If the canal is o|)en, pedunculated exostoses 
may be cliiseled away with gouges fn>ni 2 to 4 mm, in 
width. Pack with strips of iodoform gauze and apply 
large ear-dressing. If the exostosis is deeply situated, 
the pinna is separated, and the growth removed by 
chiseling under the i>eriosteuni. The wound behind the 
ear is then closed with sutures, and during the after- 
treatment the granulations are cauterized to prevent 
adhesions. Drain with strips of gaiiice. In oonstita-^ 
tional diseases, such as syphilis, internal adminietratiomfl 
of potassinni iodid. 

B. Diseases of the Middle Ear, — (al Diseases at 4 
the Drumhead. —Owitig tn its j^isitiuri at the entranc*! 
of the tympanum the drumhead becomes involved ■ 
every disease of the middle, and in many diseases of t 
external, ear. The condition of the membrane therefof 
afftirds us a clue as to what is going on in the tympanui 
any deviation from the normal appearance in the dmifl 
head is in most cases merely a symptom of disease c 
the middle ear. The few ieolateil afFectlons of the drt 
head differ from disease of the middle ear in that tbi 
give rise to very little auditory disturbance. 

1. Acute Myringitis. — EtinJogy and Paihology. — lafii 
tion of the drumhead by way of the auditory canal, i 
cially after exposure to cold, cold baths, in otitis extflfi 
and as the result of instillations, etc. 

HUloiogy, — Maceration of the epithelium, i 
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infiltration, thickening and exudation in tlie coriiini ; tlie 
substantia prupria and stratum niiicutium are lusuully Qot 
affected. If tlie inflammation is severe, there may be 
round-cell infiltration. The inflammation usually sub- 
sides by absorption ; sometimes opacity or calcification 
of the membrane remains. 

f.hurm and Sipnplom». — Sudden onset with pain, a 
feeling of fulness, pulsation, tinnitns aurium (in chil- 
dren, sometimes fever), reddening of the manubrium, 
and injection of the radial vessels, or with intense 
bluish-red discoloration of the entire membrane or only 
of the poBtero-inferior ouadrant. The manubrium and 
the cone of light are obliterated ; sometimes dark-brown 
hemorrhagic points are seen in tlie membrane (Plate 38, 
1-3). The exudation may be serous, or, as in influenza, 
hemorrhagic, and lead to the formation of bullae beneath 
the epidermis, usually in the jiosterosnperior quadrant 
(myringitis bullosa). The btillie rupture, and u small 
quantity of fluid is discharged into the auditory canal, 
leaving a grayish-white fissure in the membrane from 
maceration of the epithelium. In very severe inflamma- 
tions with suppuration, yellowish-green bullte may appear 
on the drumhead. If the blelis are very lai^, they over- 
lap the manubrium and hide all but the short prooesn. In 
rare ca."es an nbsecss of the dnimhead may rupture into 
the tymitauuni and result in an auut« otitis mcaia. After 
the inflammation siibnides, the drumhead gradually regains 
its transparency in about eight days, or remains perma- 
nently opaque. The epithelium desquamates, and the 
membrane atrophies or becomes calcified, Ecehymoscs 
frequently wander from the center toward the periphery 
and into the auditory canal ; rarely an acute myringitis 
may end in chronic inflammation of the membrane. 

Trfatme-nt. — Kest in bed; instillation of a hot 10 per 
cent, solution of carbolic acid in glyeerin ; ineisiun of 
blebs with a paracentesis needle; removal of the secre- 
tion with a cotton-wound ftpplicAlnr, and insuiflntion of 
Ijorio acid. If the pain is violent, blood-lettiug iu front 
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of the tragus is iudicated, and pheiiacetin 0.5 gni, (8 gr.) 
internally. 

2. Ohronio Uyringitis. — Etiology. — Seoondary to acute 
myringitis wlien there is persii^Ient irritation, as by ceru- 
men or a foreign body ; secondary to otitis externa when 
the general condition is reduceil. Histolt^ically we find 
thickening of the membrane, fatty degeneration, and 
desquamation of the epidermis and polypoid prolifera- 
tions iu the corinm. 

Gourm and Sifmptonui. — In mast cases the entire drum- 
head, more rarely only the pasterosuperior qiiudrant or 
Shrapnell's membrane, is involved in the iunammation. 
Either there are no symptoms or there may be itching 
and a fetid discharge. The color of the drumhead is a 
dirty gray, and the manubrium is reddened ; sometimes 
the drumhead is covepe<i with small nodular grauulatioas 
resembling raspberries (Plate 3S, 14). The secretion may 
become inspissated and form crusts imbedded in the fetid 
discharge. The differential diagnosis from chronic sup- 
purative otitis media is made by noting the absence of 
perforation as deterraine<l by the prol», by Siegle's spec- 
ulum, by in!<pection and auscultation during Politzeriza- 
tion, and by the absence of any marked interference with 
the hearing. The condition ends in recovery, or the 
drumhead iiecoraes jjermanently thickened and desqua- 
mates (myringitis desqnamativa). 

Treatment. — Removal of the secretion with cotton ; 
insufflation of boric acid and small ear-dressing; gran- 
ulations to be cauterized with chromic acid or the galvano- 
cautery; instillation of an alcoholic solution of sublimatti 
If there is desquamation or thickening of the dnimlH 
oil of sozoiudol is used instead of the sublimate. 

In miliary tuberculosis yellowish-re<^l tubercle nodulQ 
may appear on the drumhead (Schwartze). Condylomat 
and gummata are occasionally seen on the drumhead ] 
lues; a ntre condition that sometimes follows circv 
scribed hyjK'rkeratosis consists in the formation of whj 
pearl-like bodies (cholesteatoma). 
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(b) Diseases oi the Tympanum — In any disease of 
llie tympaiiin cavity the Kustaeliiau tube and mastoid 
process, an a rule, share in the morbid process. Deaf- 
ness, deaf-mutism, disturbances of equilibrium, and brain 
abscess often take their origin in aome disease of the 
tympanic cavity. As the anatomic cbauges in the mu- 
cous membrane of the middle ear do not present any 
appreciable variations in conditions clinically diSPerent, 
the diseases of the middle ear arc clussilictl by their clin- 
ical phenomena. We distinguish acute and chmuic mid- 
dle-ear catarrh from acute and chronic middle-ear inflam- 
mation. Catarrh of the middle ear runs its course without 
giving rise to grave constitutional symptoms or producing 
any marked alterations in the drumhead, being character- 
ized chiefly by a seropuruient exudate. While the cases 
which threaten the patient's life are exceptional, the 
hearing very often suffers permanent injury from the 
adhesions and other seonclie which are apt to remain. 
Inflammation of the middle ear, on the other hand, gives 
rise to violent constitutional symptoms and severe inflam- 
mation of the drumheiid, with the secretion of a purulent 
exudate. Both the hearing and the life of the patient 
miiy be plmrd in jeoparily, 

1. Catarrh of the Tympanic Cavity — {a) Catarrbus Anris 
Medin Acutus (Acute Exudative Middle-ear Catarrh). — 
I'nlhofngy and I'Hology. — The mucous nicnibriine of the 
middle ear is swollen, hyperemic, and covered with a 
serous exudate and nnind-cell infiltration (Plate 23) ; the 
epithelium is macerated ; the spaces of the cavity contain 
a serous, stringy exudate, showing numbers of desqua- 
mated epithelial cells, blood-corpuscles, and pathogenic 
micro-oi^nisms (Plate 30). In the drumhead tne stratum 
mucosum is principally affected by the inflammation. Re- 
coven' takes place by absorption and regeneration, or with 
the development of connective-tissue adhesions. The 
causes are infection by pathc^nic niicro-ofganiams of 
diminished virulence, nasal diseases, infections diseases, 
insufficient ventilation of the Eustachian tube — as, for 
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iostance, iu paralysiii of the ^'venth nerve. If the 1 
gtacbiau tulie Is obsinicled or tjccludcd by oeoplasnip, 1 
swtfUiug, or by the presenw of scars, the air in the mitldl 
ear becomes rarefied and leads to passive hyperemia « 
the miicoiK membrane with the produciiun of a scroi 
transudation. In some cases, however, the esiidate i 
inflamniator}'. Very rarely intracranial complicatioi 
may develop. 

t\>ur»e and Symjiiotiis. — Feeling of fulness, occasional 
tinnitus, crumbling, and crackling in the esr; at tin) 
impairment of the hearing depi-nding on the weather a 
on the patient's jMusition. When the patient mova 
head, he feels as if there were a rolling body in his e 
The pain is slight. Frequently there are autophonia an 
nasal aprosexia ; rarely, paralysis of ihe seventh nw 
The drumhead is more glistening than nsiial (Plate i 
6), and yellowish red in color. If the tympanum j 
pertly filled with exudate, the upper limit may he sea 
through the membraue as a clear-cut, slender black liM 
Air-bubbles within the exudate after insu£Bat ion or bloi 
ing the nose present the appearance of round pearls, 
level of the exudate is seen to change its position ai 
patient moves his head during Politzerization, or duri 
movements with a Si^le specuhmi. The color of t 
drumhead is yellow below the level of the exudate, m 
gray above. If, nt the same time, the ventilation of t 
tube is disturbed, — as, for instance, by adenoid v^en 
tions, — the drnmhead becomes a brownish yellow ■ 
retracted. The short process is more prominent i 
usual, the manubrium foreshortened, and the cone ( 
light shortened, cletl in twain, or punctate (interruptec 
The posterior fold is unduly prominent. If only t" 
more yielding (central) portion of the drnmhead la i 
tracted, it appears to be divided by a ridge from t 
more resistant peripheral zone. The imiiairment i 
hearing varies with the amount of tlic esuaate. Rint)^ 
partially negative ; Schwabach prolougcd. During i] 
tion of the middle ear crepitant rales may be hes 
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After inflatitin the drumhead regains its normal positiun 
aud color, the exudate disappears, and sometimes lis level 
is then distinctly seen for the first time. If the hearing 
is markedly improved by inflatiou, the prognosis is favor- 
able ; but if it is not improved, and there is shortening in 
the time of bone-condiiction, with obstinate occlusion of 
the tube, the prognosis is unfavorable. Recovery occura 
in a few days, or after months. Children are prone to 
relapses. Rarely the micro-organisms become more vir- 
ulent — as, for instance, after the application of cataplasms, 
if otitis media develops, witli pain and hyperemia of the 
drumhead. 

TreatmeiU. — Removal of the cause, such as adenoid 
vegetations, will often suffice to bring about a cure. Gen- 





PiO. 72.— Drumhead of the rijtht 
and geotdon of the pustvriur ri>Id |uj 
poeitloo). 



ercd Treatment. — Regulation of the diet, and removal to 
a high altitude. LiM^tif Ti-etUmenl. — Removal of the exu- 
date through the auditory canal by Politwrization, the 
patient inclining his heacl to the sound side. If the 
mouth of the tube is greatly swollen, catheterization. 
Inflation to l>e practisetl daily until the secretion ceases 
and no more improvement is noted in the hearing, after 
which inflation is to be continued every third day for 
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four weeks, and every sixth day for an additional 
weeks. In marked retraction of the drurabead the air- 
pressure ill the auditory canal mimt be diminished. To 
reduce marked swelling of the tube, external massage of 
tho neek and the tubal orifice by introducing a bougie 
every third day is useful. When the exudate i:^ teiiacious, 
vapor of sal ammoniac must be in- 
troduced thmugh the catheter or the 
inbe injected with zinc sulphate. If, 
:it\er eight days, tho exudate is still 
present, the membrana tympaui must 
l)e Oldened. The patient's head is 
held firmly, and the membmne freely 
iiicise<l in the postero- inferior quad- 
rant (Fig. 73). All the laj'ers of the 
drumhead are to be divided by as 
long an incision as possible, parallel 
with the tendinous ring (Fig. 73). 
Local anesthesia may be required. 
The incision is followed by inflation, 
during which a frothy exudate is 
thrown into the auditory canal with 
Fio. ra.-P>ra«nt«iis the production of a perforation mnr- 
ueedie. niiir. The cavity is then dried with 

cotton, and aspiration performed with 
Siegle's apparatus until al! the exudate has been removed. 
The after-treatment consists in inflation. To prevent too 
rapid obliteration of the opening, sterilized liquid vaselin 
may be iujecled into the tympanum daily through a cath- 
eter. The o(K'ratinn frequently has to be repeated. 

(^) Oatarrhus Amis Medin Chronicus (Catarrhal Adhe- 
sions). — PaHiolnyy ami Etiology. — A very common sequel 
of acute catarrh that often persists after all other symp- 
toms have disapiwpared. If an acute catarrh jiersists for 
some time and the exudate thrown out during the acute 
stage undergoes absorption and is not discharged regu- 
larly, the condition develops into a dry catarrh, which is 
followed by fibrous changes (sclerosis, Plate 18), shrink- 
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ing, atrophy, ealcificatian, and ossificiition iif the mem- 
brane. Adiieaions may form between neighhuring por- 
lionij of the tnembranc that have beeo denuded of epi- 
thelium (Plate 20). The round cells and plasma cells in 
the mucous membrane lead to the formation of fibro- 
blasts iu great numbers, which become converted into 
spindle cells and fibrillary tissue. Until this stage is 
reached there is still a discharge of serous exudate. After 
the conversion into fibrous tissue, exudation ceases and 
regenersition becomes impossible. The mucous membrane 
itself, along with the ligamentous bauds formed from it 
and the slender embryonal threads of mucous membrane 
that traverse the tym^ianum, become pale and rigid. The 
mai^ins of the fenestne become obliterated and filled 
with cystic and fatty connective tissue. The drumhcfid 
becomes adherent to the walls of the tympanum and 
abnormally tense. The ossicle-joints are sttffened and 
sometimes completely ankylosed by the formation of 
hyperostoses. Thus the articulation between the malleus 
and incus may become ankylnsed, the long process of 
the incus may adhere to the wall of the tympanum (Plate 
19), or the stapes may become fixed by adhesions to the 
posterior, and particulurly to the anterior, wall of the 
margin of the fenestra ovalis (connective-tissue ankylosis 
of llie stapes). The stapes may become absolutely im- 
movable by calcareous (lejmsition in the annular liga- 
ment. The drumhead is opaque, thickened, calcified 
(Plate 21), or atrophic. The diverticula of the tampon, 
such as Prussak's simce and the attic, are obliterated by 
connective tissue (Plate 20). Stenosis of the Eustachian 
tube results from swelling of the mucous membmne, the 
cartilaginous portion atrophies, and the muscles undergo 
fatly degeneration. Catarrhal adhesions follow neglecte<l 
cases of a(!ute catarrh ; they may be caused by chronic 
di.sease of the nose and tliroat, constitutional diseases, 
such as lues and rheumatism, hereditary dixposilion, 
myxedema, the abuse of cold-water cures, or of alcohol 
and tobacco. 
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Course and Sifmpfniiu. — Catarrhal processes usui 
occur in both ears in middle-aged persons. The heariqi 
becomes steadily worse ; usually the patieut complufll 
of contiuuous and often intolerable, loud-pitcbed eubje 
tive noises, M'liich are worse during bail weather, : 
often make their appearance J>efore any impairment fl 
the beariug in noted. In rare cases there are neuralgr 
auditory hy()orcsthesia, a feeling of tightness in the bei 
and vertigo. Sometimes there are sudden attacks ( 
deafness with nausea, vomiting, staggering gait, and tiff 
nitus anrium — in short, M^nier&'s symptom-complex fro 
congestive hyperemia of the labyrintn. Disea^ of in_, 
oi^n predisposes to disease of the other ear. The druofl 
head is opaque and resembles ground glass, eilber in id 
entire extent or lu certain areas — a crescentic area, f 
example, in the posterior half of the membrane (PIi 
38, 9); the portions that are not opaque appear dail 
than normal. Sometimes tbo membrdne presents shan _ 
circumscribed areas of calcificfltiou of a chalk-white ooifl 
(Plate 38, 10). There is often great retraction, i 
while the exudate jjcrsists, the color of the drumtief 
a grayish yellow (Plato 38, 5). In totil atrophy i 
drumhead presents radiating wrinkles and numen 
light reflexes ; in partial atn^phy the jmrtions below t 
atropbic area, such as the infudoslai>edial articulatk 
for mstance, and the fenestra nttunda, are distinctly seeif 
through the membmtic. After PolitJierization the atten- 
uated portions of the membrane resemble blebs, and with 
Siegle's speculum increased mobility is noted. Adhe- 
sions of the drumhead appear immovable through Siegle's 
speculum, and during Politzerization Pru5.«ak's sjiace be- 
comes obliterated and replaced liy a pit-like depression 
above the short process (Plate 38, 8). The mobility of 
the drumhead is impaired iu ankylosis of the ossicles. 
The impairment of nearing varies with the degree of 
anatomic change and the seat of the adhesions. Para- 
cusis Willisii is ofteu observed. The hearing is affected 
by mental emotions and is often worse toward evening. 
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The deafness is greatest when there ia aiikylmis of the 
osaicles, especially of the stapes, with rigidity of the 
fenestra cochleje. Often there is inability to hear whis- 
pered conversation, llinne is partial, and in fixation uf 
the stapes absolute and totally negative. Weber in llie 
diseased ear, or, if both are affect^, in the worse of the 
two. Schwabach prolonged; (JuAXt pi>sitive, if the stapes 
is movable. The labyrinth is often involved: in that 
case Schwabach is shortened, the upper tone limit low- 
ered, and, as a rule, the patient complains of high-pitched 
subjective noises. If inflation is fiiilowed by improve- 
ment, it is a sign that the labyrinth is intact, and if 
there are no continuous subjective noises, the prognosis 
is more favorable. The prt^nosis should, liowever, 
always be guarded, as complete cure is out of the 
<)uestion, and there is always danger of the hearing 
becoming progressively worse, either by slow or by 
sudden gradations. 

Trathaeid. — Symptomatic and constitutional. Locally, 
attempts should be made to arrest the incri-nsing deaf- 
ness hy stretching or dividing adhesions. Inflation by 
means of Politzerization and the ciilhetcr may be prac- 
tiseil every second or third day for a period i>f six weeks, 
two or three times a year, if it is followed by improve- 
ment. After inflation the pressure in the auditory canal 
must lie retlutred. If the hearing becomes worse, inflation 
must be given up. Massage of the middle ear with Lucse'a 

firessure probe or by electric pneumomassage frequently 
las a ven,' favorable influence on the subjective symp- 
toms and occasionally on the hearing. If tiie treatment 
is continued too long, the condition of^en bei'omes worse. 
If, after six weeks, no improvement in the subjective or 
objective syniptoms takes place, treatment should be 
ahandone<l. The Eustachian tube may be treated with 
vapor of ether, chloroform, water, sal ammoniac, iwliv 
ethyl, or turpentine ; solutions of -nidium hicarlKinate, n 
1 per cent, solution of chloral hydrate, piliH^arpin, and 
fluid vaaelin may be injected through the catheter. In 
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A ajthilg At tewis.la irrtaig thg ear must btrsvmdH). 
I* Mitfrt atnfkj of tbp dramhad tW rp^^tsuncp of the 
atteaaMed crsb ■>* b« ioenm^ br patniin^ tbem whh 
Ilex3ile collodiaa after miUbj. tfac mn&braae bu^ br 
inAtlliuiL If « RHUra dmage for tbe «r<«M^ §«L« in, pat 
the {Mtieiit to bed aad «**■■"'■■■■' ■ paif:ativ<« aod pota»- 
fiiotn mmIh], d : 900^ iDleraaUr. If lh« locad trmtmeot 
&ib to re-mow the sotgecdw n<«:ie^ une mav irv gal- 
vanic trraitneBt, tob-faalhs at 28°C. (H3^ F.), cliai^ to a 
fuiTst dimate, or mediciBal batks. Inleraally effenescent 
braaid, potaaeiam bromk), ] ^m. (15 giaJn^) three times 
a day, aodium brotukl. preparations of iron, airopiti, 2 
nw. (|lf ^rsin) a (biy. In tliiiea^ of the ihyruid give thy- 
roidin, darii^ the fim week 1, daring the -^e^-ond week 
2, from (he tbiid to the i^xih week 3 tablets of 0,3 gtn. 
(5 grains) everj- day, the patient';* condition being care- 
fully watched. In tinnitus auriani with attarks of ver- 
tigo, qninin 0.5 gm. |8 grains) a day. When all other 
means feil, operative interference may l>e attempted, de- 
pending on the kind of paiholo^c change:^ present. 

If the drumhead i^ greatly thickened and calcitied, and 
there is a etrictnre of the tube, an artificial perforation 
may be made with the gatvanocauter}', so a» to bring 
about direct sonnd-condiiction to the articulation of t' 
etapea and thus improve the hearing. In atniphy of t 
drumhead multiple ineii-ions, which, by their contra 
tion, increase the tenseness of the tissue, are indicate 
If the piislerior fold is niiduly prominent, it may 1 
divided (Fig. 72) with a prol»e-pointe<l knife (Fig. 78, ej 
or an attempt mav be made to divide the anterior u 
mont of the malleus. In marked retraction of the 6n 
head with flecondar^- sliortening of the tendon of i 
tonnor, tenotomy of the tensor tympnni mui^sle mw 
practised, providing the stapes is movable and the I 
rinth intact. An incision is made in the pasterosapt _ 
qiuidrant of the drumhead, 1 mm, behind the manubiiiu 
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with a small tenotome (Fig. 78, 2) intrnduceii beneath 
the tendon of the muscle, which is then divided from 
below upward by depressing the handle of the tenotome. 
If the crura of the stapes are adherent to the mat^n of 
the fenestra vestibuli, a prrforation may be made under 
anesthesia in the posterosnperinr quadrant, and the adhe- 
sions divided with a small bistoury (Fig, 75). If the 
chain of os8icle.9 is absolutely immovable and the distress 



Fin. 7<.— Mptlin.1 ..(■ -i: 

tl)*ti>0 (MKlttul ai:tl \ 

fniutj : a, Auditurj' iui.kiii 
4 pramoDtiiry ; e, stajH* i 
fmal muBole (tendon) ; 



■I.' 1 111^.' till- '[ir oaaisloa (owipilleptoiny^^oh*- 
'» Ki L[ii luft tympHoaTu fium ubure Kod in 
, li, Mile; c. bypDtympauic tKuvm (cellikr) ; 
itiiiii the renmtni veatibuli ; /, tcDBur (ym- 
lugh thu toD- 



is intolerahle, the ossirlos may Ite removed under anea- 
thesin, providing the labyrinth is intact. The operation 
is performed as follows: The drumhead is divided from 
ils attarhment by a peripheral ineision and disseeted away 
from the miinubrium; or two incisions may be made, one 
in front and the other behind the manubrium, and par- 
allel with it from the upper border of the notch of 
Rivinus to the umbo. The incudostapedial articulation 
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is tbeo divided, ibe haitMlIe of tbe malWo^ eeiwd widil 
Delsunche'^ rirvubr kai&, and tlie leodun of the tensor 
iTmpani muffle dnSdcd Iit vimiiii^ the blade and de- 
pfvs^mg the hamlle i Ft^. 74). The malleus is then 
grasped by iu shon prortria wiih Scxiud':* forceps and _ 
mnoved hv diawing it d<iwDvanl. Next, I.od«wig'a| 
book U intndoeed owr the body of tbe incus, the ossic' 
loosened by a downvard rur^cin^ movement and removi 
with tbe focvep^ (Plate 7oX In ankylosis of tbe stapi 



duwuwinl racking movtoicnt witb Ludewig's iocos book. . 
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an attempt may be made to remove the ossicle after ti 
tendon of the stapedius muscle has been divided, T 
attempt can be giicceasful only when the labyrinth i 
intact. During truclioD on the staiies the crura areea^ 
broken. Operative intervention in conditions attendCf 
with catarrhal adhesions arc justifiable only when 
labyrinth h intact, the suHeriug unbeamblc, and experS 
mental jjaracentesis has be.'ii followwl by improvement, 
2. Ankylosis of tha Stapes (^Otosclerosis ; Foimattoa I 
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SponKjr Bone in the Oa.pBnle of the Labsrrmtli). — Palhohgi/ 
and Etiology. — Comjilctp oeseotis aiikyloHis of the et&pce 
may result trum the Ibrmation of si)ongy bono iu the cap- 
sule of the labyrinth. The fenestra veetibult is surrounded 
by u wall of growing bone (Plate 22) which may extend 
to the side of the laoyrintli. One or both margins of the 
foot-plate and one or both crura may l>e involved in the 
osseous growth. Sometimes there is a sharp line of de- 
marcation between the new and the old hone. Foci of 
Hjjongy lK»ne may also be found traversing the conijiact 
boiic in the other portions of the capsule of the labyrinth, 
around the semicircular canals and the co<.'hlca, and at the 
promontory (Siebenraann). The newly formed Iwne con- 
tains numerous misshapen bone-corpuscles without any 
regular arrangement. The bones and the periosteal ves- 
sels are hyperemic. The labyrinth is often destroyed, 
and the nerve-trunks are Biirroun<led by a dense growth 
of perineural connective tissue. The mucous membrane 
of the tympanum is intact. The cause of the spongy 
eliungc IS perhaps to be sought in a peculiar anatomic 
disposition, such as the presence of abundant remains of 
cartilage in the capsule of the labyrinth ; hereditary pre- 
disprjsition has been observed and the condition sometimes 
follows pregnancy. 

Coxirne and Sj/mptomit. — The condition often develops 
imperceptibly between the twentieth and the thirtieth year; 
it IS somewhat more frequent in women. Sometimes it 
begins with tinnitus aunum, which gradually becomes 
worse until, after from ten to twelve years (or earlier), 
deafness develops. At thiw time a feeling of tension in 
the head, vertigo, and auditory hyperesthesia are often 
complained of. The impairment nf hearing usually goes 
on to deafness. It often begins in one ear after the other 
has already become deaf. Rinne usually iibsolute and 
totally negative; Weber in the worst ear; Sehwabach 
prolonged; Geli^ negative. Hut, as the nervous hearing 
apparatus usually becomes disease<I at the same time, or 
even before, Sehwabach is often shortened and the upper 
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toue limit luwered. When Rinm 
the primary seat of the (lis 



: partially negative^: 
(' must l)e determined \ 
means of Crellfi's experiment. The drumhead itself i 
Qormal; stiuietitnea the red wall of the promontory i 
1 through the membrane (Plate 38, 12j. Inflation ii 
accompanied by a coarije, Blbiiant rale. The diogm 
may be confirmed by making a perforation in the poc 
superior quadrant and directly probiug the stapes. 
prognosis is very unfavorable. Sometimes deafness ( 
velops very rapidly after the disease has existed for I 
short time, especially if bone-oondiiction is much dimii 
ished. 

Treaimmt. — All treatment is useless; inflation must t 
avoided. Sometimes the subjective symptoms may bo im 
proved by the careful use of the pressure probe and pneum 
massage. Owrative removal of the stapes with the chis 
is usually of no avail, owing to the great extent of t' 
spongy change. If an artificial opening is made in t 
wall of the promontory with a gimlet to replace the a 
eluded feucstm vestibuli (Pasaow), the opening boi 
conies obliterated by the formation of new bone, 
stitutional treatment includes 0.01 per ctuit. solution c 
phosphorized cod-liver oil (Siebenniann), sodium io<"* 
gm, (15 grain.s) a day (Politzer), and, as symptoms t 
potassium bromid, galvanization, rubbing with alcoht 
purgatives, and hot foot-baths. The patient should wes 
n earing- tubes, and, if he is quite deaf, lie should be h 
to read the lips. 

3. InflammatJon of the Uiddle Ear (Otitis Media).— Ii 
flammation of the middle ear may end in recovery v * " 
out perforation of the drumhead, or, after perforation h 
occurred, by cicatrization of the orifice. If chronic a 
discharge develops, the condition may remain in( 
or a dry perforation may persist after the flow has o 
or the ]ierforation may Ijccome closed by cicatrization. 

(«) Simple Acute Otitis Media. — Palkohgy and r " 
'•fill- — Swelling of the entire mucous membrane lining tJ 
middle ear and driunhcad, ]>arlicuiarly of the stmtui 
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iniicosum, I'rom Iiyperemia, roiin(i-cell itifiltratioD, ond 
overgrowth of the mpillie (Fig. 2;!). In pliices the epi- 
thelium is destroyed fio that the pua lying on the mucous 
membrane apjieare to be directly coMliunous with the in- 
filtrated mucous membrane (Plate 31). The layers of the 
drumhead are infiUmted, but uot perfbrutdd. The bone 
of the auditory canal and wall of the labyrinth is Lyper- 
emic. The exudate is mucopurulent or hemorrhagic, and 
occupies all the diverticula of the drumhead ; it contains 
blooa-corpuscles, pus, epithelial celb, detritus, and patho- 
genic micro-organisms (Plate 30). Recovery takes place 
by absorption, or with the formation of adhesions and 
opacity and calcification of the drumhead. Sometimes 
acute perforative otitis ninlia results. The cause is infec- 
tion of the tympanum witJi s]>ecific micro-organ isma, fa- 
vored by exposure to cold (bathing), inflammations of the 
nose and throat, and infectious diseases, such as measles, 
scarlet fever, diphtheria, whooping cough, typhoid, pneu- 
monia, and influenza. 

^ynyjfonw aiul Oouree. — Paroxypmal, pulsating pains ia 
the ear, head, and teeth, increased by motion of tlie head 
or by pressure on the tragus and angle of the jaw, atid 
becoming worse toward evening. In childrtm there is 
often high fever, with convulsions and delirium. The 
drumhead is red, injects! either in radial lines or in its 
entire extent, and the postorosuperior quadrant bnlgen 
either as a whole or more rarely as a cluster of pouches. 
All the landmarks are ohiiterated, except the short proo- 
ess, which appears aa a yellow jwint (Plate 38, 17-19), 
The bony portion of the canal is reddened ; the honndaries 
between the drumhead and auditory canal may be recog- 
niised during motion through Siegle's speculum. There 
is rapiil impairment of the henring; Rinne partially n^;a- 
tive; Weber in the diseased car; Schwabach often short- 
ened (hy|)eremia of the labyrinth). After two or three 
days, although the hearing grows worse, the pain subsides, 
the injection of the drumhead diminishes, and in about 
two weeks the membrane regains its normal appearance. " 
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Distinguished from acute niyringids by greater impaiiwfl 
roent of hearing and the presence of crepitant rales duF- 
ing auiHTultation. The disease is apt to recur in the sprii^ 
and fall. 

Treatment. — Rest in bed, liquid diet, avoidance of alw 
ho], tobacco, and hot beverage!-. The patient should b 
enjoined to blow his nose gently and gargle the throat^ 
Locally, instillations of 10 per cent, solution of carbolm 
acid in glycerin every three hours ; ice-bag, or, if tfai 
pain is very great, hot compresses may give relief. If 
pain is elicited by pressure on the mastoid process, leechei^ 
or sedative inunctions with chloroform, or oil of hyoscya^ 
mua. If the condition does not improve after three davs 
and the [wiiii and fever continue, a Jree inc'mon must be 
niiide at the most dependent point of the bulging mem- 
brane, usually the postero-inferior quadrant. The exud- 
ate that is evacuated either spontaneously or with Siegle^Ki 
instrument is carefully wipeil away, and a small ear-d 
ing is applied ; in children, a large ear-dressing, 
quently there is nn otorrhea. If otorrhea develops, i 
sliould be treated the same as acute perforative otitis me- 
dia {p. 191). When the pain has sub.^ided, usually aftefll 
a week, daily Politzerization continue*! for a week, thenjl 
every other day for another week, and after that < 
fourth day until the procedure censes to be followed by^V 
improvement in the bearing. External massage of the! 
neck must be given at the same time. Treat the i 
and throat. 

(^) Aente Otitis Media of In&nta.—Po //lo/opy OTwf Etio 
o4fy. — In infanta infection is favored by the hyperemtH 
of the embryonal and often papillary mucous membraoi 
(Plate 13), and by the increased width of the tube, whici 
facilitates the entrance of amniotic fluid, nasopharyngea _ 
secretions, and vomited material into the middle ear, b]^ 
the greater susceptibility incident to age, by bathingj 
squeezing out a sponge on the head, hypertrophy of th 
pharyngeal tonsils, and by digestive disturbances. Diu 
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iiig labor the tytupanum may become infected by gonor- 
rheal discharges from the mother. 

Coiirne and Siftnplomii. — The cooditiou usually begins 
an a simple acute otitis media (suppuration from a foreign 
body, alter Aschoff ), reHtleasnese during sleep, crying, loPs 
of weight, and diarrhea. Pain is elioited by presHiire on 
the tragas ; the head is inclined to the dii^easeu side. The 
infant carries the hand to the ear. Sometimes atrophic 
condidons are present. After cleaning the auditory canal 
and drawing the pinna backward and downward, the 
drumhead is seen to be whitish, with a mdial injection 
(Plate 2;J). AiWr the exudate has been evacuate<l, di- 
gestion becomes normal, and the body weight increases 
(Hartmanu). If the treatment is successful, the proba- 
bility of deuf-rautism will be avoided. 

Treaimmt. — Free and early incision of the distended 
membrane is of the first importance, followed by instilla- 
tion of a o per cent, solution of carbolic acid in glycerin 
and Politzerization. Protect the infant against external 
injuries, esi>ecially during the buth. If the nasal pas- 
sages are obstructed, instillations of 5 per cent, solution 
of menthol into the nose arc indicated. 

(y) Acute FeifoTative Otitis Hedla. — Pathotor/y and FSi- 
ologij. — The pi-rforative changes are the same as in simple 
acute otitis media, but more intense. The lumen of tlie 
tympanic cavity is encroached upon by the swelling and 
by the purulent infiltnition of the mucous membrane 
(Plate 23), the ossicles apiiear to be imbedded in granu- 
lations, the epithelium in places is destroyed (Plate .'11), 
80 that adhesions may form by the contact of surfaces de- 
nuded of epithelium. The purulent exudate contains pus- 
corpuacles, detritus, a few epithelial cells, and pathogenic 
micro-organisms (Plate 30). The auditory canal is hyper- 
emic and sometimes covered with vesicles. All the layers 
of the drumhead are infiltrated with pus, ihe fibers are 
forced apart, and at one point there is a |>erforation. 
Sometimes there is a circumscribed inflammation in the 
recesses of the tyrai>anic cavity (Prussak's space). If 
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the inflammation is very violent and emboliam devel- I 
u|)B, the miicuus memhnine niay become necrotic and the 
underlying bune carious. The labyrinth is frequently { 
hyperemic, rarely inflamed. Recovery by absorption, 
followed by rapid reg:eneration, sometimes with thicken- 
ing, opacity, caleiiicatiun, and cicatrization of the drum- 
head and the formation of adhesions, takes place. An \ 
acute suppuration may become chronic. The causee of 4 
infection of the tympanic cavity are the same as thoae I 
mentioned under («) (p. 184). lu addition, infection may | 
take place through the auditory caual, through a dry or ■ 
traumatic perforation, during tjatbing or syringing of the ! 
ear, after the extraction of foreign bodies, and in infectiooa 1 
diseases, especially during the height of the eruption. In | 
rare cases otitis media follows an attack of acute catarrli. ] 

Courxe ami Sifinplotim. — The disease is usually i 
flned to one side, except aft«r diseases of the d 
pharynx, the exanthemata, and typhoid fever. There I 
IS very violent, continuous pain in tlie ear and mastoid 
process, with vertigo, tinnitus due to pressure of the 
exudate on the winilows of the labyrinth, and some- 
times pulsating noises in the ear. Autophonia, eleva- 
tion of temperature up to 40" C (104° F.), in children 
often drowsiness, delirium, irregular pulse, contracted A 
pupils, convulsions, vomiting (to be distinguished from I 
meningitis and teething convulsions), glandular enlarge- 1 
ment, disturbance of tlie sense of taste, and occasion- 
ally fiicial palsy. PreF<sure on the tragus and tip of the J 
mastoid process increases the pain. There is marked | 
interference with the hearing, and even deafness i 
occur, Rinne [Mirtiatly negative ; Weber in the dis 
ear; Schwabach often shortened as the result of h_ _ 
emia of the labyrinth. The dnimliead is intensely i 
and the landmarks are obliterated ; the short pro 
occasionally projects as a yellowish \m\ut (Plate 38, £ 
2IJ. The posterosnperior quadrant of the drumhea 
bulges, aiid the membrane may be covered with i 
moses and macerated epithelium, or with blebs coutaini 
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serous and purulent exudate (Plate 3K, 23), The audilorv 
canal is injected, and sometimes also contains hemorrhages 
and purulent blclis. Perforation iif the drumhead octnirs 
on the third or fourth day, usnuUy in the antero-inferior 
quadrant. This r^on snmetimert pulsates before perfora- 
tion takes place, ironi hjpenimia of the vessels of the 
drumhead. After perforation, whieh is rarely delayed 
until the fourteenth day, has talcen place, pulsating pns 
is observed in the auditors canal, the pulsation being 
transmitted by the dilated vessel;- of the drumhead and 
the tympauie mucous membrane. On inspection with the 
head-mirror a pulsating reflex is seen. ^oinetimeK the 

tiua is frothy — as, for instance, after the patient has 
ilown his nose; at first it may be sanguineous. 

After the pus has been removwl, the drumliend a]tpearfi 
intensely red, fissured, aud covered in its antcrtHinferior 
portion with macerated epidermis and exudate. The 
iK-rforation itself cannot be seen, but niav be ri'cognized 
(jy the presence of a pulsating droplet of pus or by the 
constant escape of pus at one sjxit (Plate 38, 24). Per- 
foration is followcti by ii cessation of the symptoms of 
meningeal irritation, pain, fever, etc. If the perforation 
is lar^, it api)ears as a dark orifice that often contains a 
pulsating drop of pus. If there is a circumscribed bulg- 
ing of the drumhead, the perforation is found at the apex 
of n conic prominence (Plate 38, 22). In suppuration and 
inflammation of the attic, Shrapnell's membrane projects 
like a sac aud overlaiis the manubrium like a |>oIyp, 

Diagnosis nf perforation is based on the following 
points; (I) Inspection; (2) pulsating reflex; (3) bub- 
bles in the pus; (4) perforation murmur during infla- 
tion ; (5) aspinitiun of the exudate with Siegle's instru- 
ment (the exudate is deposited on the glass) ; (6) if there 
is a large defect, immobility of tiie membrane in the 
Siegle speculum J (7) by the following exiieriment : the 
otoscope is connected with the diseased ear and sub- 
met^d in a glass of water ; during inflation air-buhblea 
ri.se tn the surface of the water ; (S) mucus threads in 
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tbe in^aat^ iaid ; (9) doring inSatioa of the aoditon 
aunl a perfimtLoo munnnr oo be uiscultated throa^ 
tbe nose ; (10) ihe kaovlcdf^ ubtained by protNng— 
the prvibe w di?tii^tit?h between a perforaUon a 
depo^rion of exudate, :umI between the leddened »urE 
•of the drumhead and an expn-ed prDaiont<»y. lu ad< 
lion, the drnmhead b nearer tbe eve than the wall of tl 

firomootoTy. During exauiiiatioa widi Side's spei 
iim (he wall of the promoniorr beeonie^ hrperemic, » 
some of the disehar^ is aspirated. What remains ( 
the druiuheail I* immovable, while, on the other h 
an inflamed dnimhrad moves to and fn>. Even i 
most of the drumhead has been destroyed, a nai 
peripheral strip iLsualty rpmain->, so that when the pal 
inclines his head to one side a shadow and a cleil appc 
between the strip of drumhead and the trail of the pro 
untur\'. In acute siippiiraiions the secretion b^na 
diminish in the second week and ceases entirely dtlli 
the thirtl week, when (be hearing distance iocre 
The short pDM^es^ of the malleud again comes into v 
aod the handle it^lf may be indistinedy seen on 1 
drumhead. Blood-vessel* are seen coursin? toward t 
perforation or its scar. After about six weeks the dix 
head may regain lU normal condition and no scar I 
seen, or scars of variable extent may remain, with opaoilg 
and calcification of the membrane. If treatment is isi 
stitiited early, the prognosis is good. If, however, t 
is extensive degeueration of the drumhead, the pnwiu 
is unfavorable, even if appropriate trcntment is employ 
The prognosis is unfavorably affected* by the foUowiiij 
factors : The presence of granulations; paralysis of t 
seventh nerve ; marked glandular enlaigement ; ] 
ent, copious, and fetid secretion ; conic, circiimscribi 
prorainenee of the drumhead ; infectious diseases, c 
aa diphtheria, scarlet fever, influenza, and tnlierculoe 
Sometimes recovery is delayed for as long as from a 
eight weeks, or the suppurative process becomes ohrt 
and involves the bone. 
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Tr&iime}U. — Perforation tshoiiltl alwavH be anticipated 
by a free iaciaion. If there is a temperature of 38° C. 
(100° F.) or over, with violent pain and insomnia even 
during; a single night ; if there are swelling and pain on 
pressure on the mastoid procesH, with market! bulging of 
the drumhead ; if there are any symptoms of meningeal 
irritation, and, generally, in the course of acute exanthe- 
mata!, even without alarming ayroptonirt, as large an ojwn- 
ing as possible should be made at once. The incision 
hastens recovery and removes all danger; it may be 
necessary to rt-peat it. In spontaneous rupture more of 
the drumhead is sacrificeil and there is greater liability 
to infection of the cranial cavity. An intracranial com- 
plication may begin even before spontaneous rupture of 
the drumhead has taken place. It does no harm to incise 
the membrane early, and may prevent serious complica- 
tions. If the pain continues atler incision, in spite of 
ice compresses, tlicrc is danger of retention — that is to 
say, insufficient drainage. An acute otitis media must not 
be n/loircd to become chi-oriie ; hence it must never be 
left to itself, but should he watched constantly by exam- 
ining the ear everv day with a mirror until complete 
recovery ensues. Scrupulous' asoptiis must be observed 
during the tnaitmcnt, to prevent secondary infection by 
stiiphyloGocct, which greatly increases the danger of 
chronicity. (TonsHtuHonnl TretUment. — Put the patient 
to bed and have him lie on the side of the diseased 
ear. Pmotise blood-letting in front of tragus, and give 
purgatives {calomel, 0.01 to 0.2 gm. — \ grain to 3 
gniins) several times a day, also gargles. The in- 
somnia may be combated with sulfoual, I gm. (15 
gntins), the pain with phenacetin, 0.6 gm. (8 grains), 
or iintifebrin, 0.25 gm. (4 grains). Locally the sup- 
puniting ear must be clean^ of pus with cotton or by 
aspiration with Siegle's spoeulum, after which iodoform 
gnuM' stripn are introduced and a ^rniall car-dressing is 
appliitl, which should be changed every day. If the dis- 
charge is very profuse, the patient Is instructed to cleanse 
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the air even' day with sterile cotton tamiioufs keeping 
the car stoppered with » piece of cotton. If the suppii- 
ntioa is very profuse, ear balh^ of s waien' eulution of , 
hydrogen peit>xid are given every three hours, and i 
the pain i« very severe, this is tVillowed hy the iuetiU 
tion of a 5 lo 10 per cent, solution of carbolic acid ii 
glycerin. If, in spite of the ear Iwihs, the secretion c 
tiniies profuse and fetid, syringing may become i 
eary, and both i^ysician and patient must obt^rve tfat 
must scnipulodci ase|>sis. If the patient i^ to treat hin 
self, he should use Lucie's soft-rubber t^yringe with i 
0.5 per cent, solution of formalin, from one to threftl 
times a day. If the discharge from the bc^nning i 
alight, or if it dimini.'^hes in the course of the dim 
boric acid should be insufflated and a small ear-dresi 
applied, to be chaogetl daily. After the (lain has disa 
pcared, Politzerization and cxtemBi massage of the ner 
as stated under (a) (p. 173), are indicated. For t 
weeks after the discharge ha^ ceased the ear must 1 
kept closed with cotton so as to guard against catchii^ 
cold. If retention of pus sets in, manifesting itself I 
renewal of fever, symptoms of meningeal irritation, ai 
by the copious flow of pus after the ejir has been wip< 
out with cotton, or by the appearance of pain and aenf 
tiveness oc pressure on the mastoid process following | 
cessation of the discharge, any existing small jperfon* 
tiona roust be enlarged and a counteropening effected— 
as, for instance, in perforation of Shrapnell's membraiM 
by incision of the lower half of the drumhead. Grant|> 
lations and circumscribed conic bulgings of the dnimhoM 
are removed with a cutting forceps. Retention of piia i| 
often followed by mastoiditis, caries, and necrosis. I 
very obstinate cases irrigation through the cathete ^ 
Politzerization during the ear iiatli, and the institlatiOL 
of liquor plurabi sulxicetatis into the ear, or hypodermiq 
injections of pilocarpin may be tried. General treatmei ' 
and local treatment of the nasopharynx are of ( 
importance to bring about recovery. 



CUMOyiV aUPPURATIVE OTITIS MEDIA. 193 

(3) Otarouic Snppuratlve Otitis Medift. — Futlwlogy and 
Miology. — Chronic siippuratiou of the middit; ear fre- 
quently follows {from neglect) au attack {>f acute suppu- 
rative otitic media and eudaugerH the hearing, the geuenil 
health, and, by extending tu the cranial cavity, tne life, 
of the patient. The entire mucous membrane is gradu- 
ally thickened by infiltration, dilatation of the vessels, 
and newly fonned tissue (Plate 31, 20). After the epi- 
thelium has been destroyed, the mucous membrane is 
replaced by an actively proliferating papillary granula- 
tion tissue containing cysts, which covers the walls of 
the entire middle ear and the tympanic oseiclDS. Some- 
times, after the subsidence of the general tntlummtitioD 
of the tympanic cavity, the various spaces of the tym- 
panum still continue to show inflammation. The bono is 
not markedly involved in uncompltcat<^d cases of chronic 
suppuration. Enisions and granulation tissue are sumi!- 
times foimd in the auditory meatus. The nimains of the 
drumhead are thickened ; the stratum mucosum and 
cortum sometimes show papillary proliferation. The 
exudate that has been poured out into the substantia 
propria and stratum mucosum becomes either absorbed 
or inspissated. After tlie inflammation has run itspouree, 
what IS left of the drumhead remains opacfue (Plate 39, 
1), owing to fatty degeneration, the deposition of pigment 
and amorphous culoareous material ; rarely, fnmi the 
formation of new bone (Plate 39, 1). The perforation 
may be closed by scars in wliich the sulHtantia propria 
is not represented. When the stratum mucopum of the 
drumheaid fuses with the mucous membrane of the tym- 
panic cavity, adhesions are formed (Platen 19, 20). 
Should the epithelium of the drumhead invest the mar- 
gins of the perforation, a prominent fistulous perforation 
covered with skin results (Plate 35)." 

The epithelium of the auditory meatus is particularly 
prone to invade the tymjMinic mucous memorane when 
the [lerforation is situated near the margin, and may con- 
vert the membrane into epidermis and thus bring about 
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recovery or lead to the formation of cliolesteatomata. 
The lumeD of the tube suffers a constriction from swells 
ing of the mucous membrane and sometimes becomes 
entirely occluded. The proliferation in tlie mucous mem- 
brane may disappear, and the normal conditions be ap- 
proximately reestablished, or dense adhesions may be 
formed obliterating the attic (Plate 36), the margins of 
the fenestne (Plate 22), and destroying the mobility of 
the tympanic ossicles (Plate 21). Polypi may also be 
formed. Ohroaic suppuration is often followed by mas- 
toid disease, osteosclerosis, uiricH, necrosis, and cliolesteato- 
mata. The secretion is mucopurulent in character, at 
times scanty and inspissated, forming crusts, at other 
times very copious. It may be blue from the preBenoe 
of bacillus pyocyaneus; in caries it is thin and contains 
necrotic bone (bone-sand); in degenerative proc«B8es it 
is fetid ; in retention it is inspissated, looks as if it were 
filtered, and resembles bread-crumbs. The causes of 
chronic suppurations are found in neglect of an acute 
otitis media, in the virulence of the infection, in general 
diseases, such as scarlet fever and diphtheria, or in in- 
duced conditions of the general organism, such as scrofula 
and anemia, and, finally, in nasal diseases (ozena). 

Course and Symptomn. — The beginning of a chronio 
Otitis media is marked, as a rule, by the absence of 
Bymptoms. After the pain of an acute otitis has snb- 
gided, the patient usually pays no more attention to the 
ear, and slight interference with the hearing or aural 
discharge is usually neglected. The physician is not 
consulted until pain and a renewal of the purulent dis- 
chai^ make their appeitraace, or alarming general symp- 
toms develop as the result of retention or disease of tae 
bone. Headache is sometimes complained of, but gen- 
erally after the cciwation of the otorrhea. Subjectiw 
noises are not marked, and appear only at intervals, 
FerverBions of taste and disordered taste in the moot^ 
are frequently <ibser\ed. Paralysis of the seventh 
is rare unless there is caries. The interference with 
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hearing varies with the amount of the secretion, the 
degrei! iil" iibstruction, and thy number of adhesions be- 
tween the drumhead, ossicles, and margins of the feiies- 
tDE, Rinne is of^n absolute and totally or partially 
negative; Weber usually in the diseased ear, or in the 
worst one of the two, if both are afFecte<l ; Schwal>ach 
prolonged, unless there is some disease of the labyrinth, 
when it is shortened and the upper tone limit lowered. 
The irritation of the discharji^eB often leads to otitis 
externa and eczema, with glandular enlargements in the 
neck and throat. 

The apjiearance of the drumhead varies greatly {Plate 
39) : every grade of j>erforation is encountered, from a 
minute opening to total defect of the membrane. In 
suppurations unattended by marked dipeasse of the bone 
the perforation is usually situated in the lower half of 
the drumhead, [mrticularly in the antero-inferior quad- 
rant. Jn caries of the incus, perforation is often found 
in the posterosiitierior quadrant ; in eoricb of the mal- 
leus, in Shrapncll's membrane {see p. 231). Hence the 
seat of the perforation is of some prognostic iiiiporlance. 
The contour of the opening maybe snioolh or broken; 
sometimes, especially in tubereuloeie, multiple perfora- 
tions are present (Plate 39, 13). The lai^' jwrforation 
is often slightly reddened and covered wllh gninulatious. 
The remains of the <lrumhead is of a erayish color. The 
mai^in of the prforation may dear Uie promontory and 
throw a shadow on it, or it is closely applied to the bone, 
or may even be adherent. The |>erforation may extend 
as far an the bony rim {annulus tymimnicus), and is then 
spoken of us peripheral (Plate 39, a), or it is separated 
from the tympanic ring by a peripheral zone of tymiKinio 
membrane (Plate 39, 6). Owing to the opacity of the 
drumhead the manubrium is obscured ; if the perforation 
is very lai^, the manubrium may project into it (reniform 
perforation, Plate 39, 9). If the tension of the drnm- 
licnd is relaxed, the manubrium retracts so that its ex- 
tremity touches the promontory and may even become 
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adherent to it (shortening of the manuhriiini in curies of 
the malleus, Plate 19 ; 39, 6, 7). 

The color of the membrane over the promontory varies 
from yellow to scarlet. The surface may be uniform or 
covered with eniniilations (Plate 39, 5 to 10); sometimes 
it ia a dirty, whitish gray when the epidermis of the canal 
has invaded the cavity (Plate 39, 11, 12). In rare eases 
yellowish nodular exostoses are observed on the promon- 
tory. Aft«r the suppuration has ceased a dry perforation 
often persists. What remains of the ear-drum is opaque, 
thickened, and often contains sharply circumscribed cal- 
careous spots of a chalky whilcncss, or it may be com- 
pletely calcified. In snch cases the tympanic mucous 
membrane appears pink or pale yellow, has a moist and 
glistening appearance, or, rarely, may be white from cal- 
cification. Sometimes it is hani and dry and covered with 
epidermis. On the promoiitorv the tympanic artery may 
often be seen (Plate 39, 17, IS). 

According to the seat of the perforation the various 
structures of the tympanic cjivity come into view ; thus, 
in a postenisupcrior perforation the incudi stapedial artic- 
ulation. Circumscribed chronic suppuration — as, for in- 
stance, in Prussak's space or in the superior or inferior 
diverticulum of the incus — may be revealed by a perfo- 
ration in Shrapnoll's membrane, also by isolated caries 
of the malleus and incus and cholesteatoma of the middle 
ear. 

Occasionally another perforation is present in the pars 
tensa. The drumhead is opaque, and above the short 
process of the malleus there may be a minute crust or a 
fetid drop of pus or even (granulation tissue (Plates 36, 
39, 16, 14). If the inflammation is confined to the attic, 
the supuuniting portions are often shut otf from the 
Enstacnian tube, and no secretion is obtaine<l on Politzer- 
ization. After suppuration in Prussak's space has ceaned, 
cicatricial adhesions often remain about the neck of the 
malleus (Plate 20). The hearing is not impaired in iJer- 
foration of Shrapnell's membrane. Even a large perfora- 
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tion Diuy acar over; the scar upptiars us a dark, depn-ased, 
circular, or reniform area witli a strong light-refles. 

The remains of the tympuniv mum braiic at ilie hei 
time are oftea calcified. The scar is said to be free when 
it does not touch tlie wall of Uie pmmontory ; iu simh a 
ease the sear bulges during Politzerization aud prpsents a 
flight wavv movement iu Siegle's speculum. The edges 
of the scar are not separated from tbe wall of the prom- 




Fio.76.— Bmittsi wrtioo thmiiith Flo. 77.— Saglltnl Mction thran|[h 

th« trmpaiilc cavity (KhenistU) : 1. the tympitiiio cavity (Hbcmstio); 

Hear *i]liereiit to 9, itBpca; il. adlif- tbe Kitr bulges like a bleb after 

■iuii between the lowur portion of PnlitKcrizution.abovring a conattic- 

thE «c«r and tbe Inner wall of the tion at the puint wbcre it i« adb«- 

tyoipMlilin. rent (iMimpare Fig. 70i. 

ontory (Plate 3fl, 21). If the saira nre adlicrent to the 
underlying stnirturos, tlic latter are seen quite plainly 
hut disappear during Polilzeri74ition, owing to bulging 
of the scar (Plate 39, 2.3, 24). Sometimes a .scar itiny Ite 
ti)rn by violent blowing of the nose or by I'olitj»ri)!a- 
tion. If the war becomes united with the wall of the 
tymfmnic cavity nr with the osslelcs it i.* said to be 
udhori'tit. Small adherent scars appear dark and glisten- 
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ing; they are immovable in Siegle's speculum during 
inflation and unyielding wiieii toucht-d with the probe 
(Plate 39, 19, 20). An ;i.!lM-.-i..rt l.-'tw.iii the scar and the 
stapes in caries of the ImiL' iimb "f \\w ineus may Ire rec- 
ognized ail a small mHluIr {I'l;iii- l!t|. Siiniftimes tlie scar 
becomes partially or tulally ad 1 if rent to dio promontory, 
forming a kind of cul-tle-sac; the adhertnt scar is im- 
movable in Siegle's speculum, and 13 not affected by 
Politzerization, while free scare are slightly movable and 
bulge after Politzerization ; tlici tympanic cavity then 
appears tendinous, as if traversed by strands of cica- 
tricial tissue. The malleus, as a rule, is immovably fixed 
to the promontory and can lie seen only with difficulty 
(Plate 39, 22). Bands of cicatricial tissue may shut the 
tympanic cavity off from the Eustachian tube or from 
tiie antrum, and thus make possible circumscribed sup- 
purations In the pouches of the drumhead. Grave dis- 
turbances of the hearing may result from scars if they 
are adherent to imjiortant structures or from the presence 
of calcareous or connective-tissue new growths obltterat- 
ing the attic, the fenestrEe, or the Eustachian tube (Plates 
20, 22, 3G), or interfering with the mobility of the tym- 
panic ossicles. Permanent perforation or even total absence 
of t)ie drumhead with loss of malleus and incus may not 
interfere with the power of hearing if the mobility of 
the fi>ot-plate of the stapes and the round window is pre- 
served. On the other hand, even a small perforation or 
scar seriously interferes with the power of hearing if the 
chain of ossicles is fixo<l by adhesions (Figs. 81, 84), or if 
the margins of the fenestrse are oi)structed. Ecery chronic 
otitis media must be regarded as a grave disease, the ulti- 
mate out<?ome of which, both as regards the hearing and 
the life of the patient, cannot be foretold with certainty. 
In general, a vigorous constitution affects the prognosis 
favorably. Old persons in whom the suppuration has 
existed for years, with perforation of the lower half of 
the drumhead, are in loss danger than young indi- 
viduals. An improvement in the general condition may 



^ 




CHSONIC SUPPVnATlVE OTITIS MEDIA. 199 

bring about the spontaneous cure of an uncomplicated 
suppuration. 

Ti-eabnnit. — Uncomplicated chronic suppurations oaii. 
and mmt be cured so as to avoid intracranial complies^ 
tions and general diseases, such as rheumatism and pye- 
mia. General treatment directed towurd the relief of 
nasal di^oses, scrofula, etc., is of the utmost importance. 
The local measures must be directed toward the removal 
of pna and the regeneration of the mucous membrane. 
If the secretion is moderately copious and free from fetor, 
it must be wiped away with cotton or removed by Politzer- 
ization, catheterization, or aspiration with Sicgle's specu- 
lum. If the dischaive is crjpioua or fetid, syringing 
becomes necessary. Ihe tymjNinum Is either syringed 
through the auditory meatus with an aural syringe, or 
if there is a large accumulation of tenacious material 
and the i)erforation is small, — as, for instance, when it 
is situated in Shrapnell's membi-ane, — the cavity must 
be flushed out through a small tympanum tube. If the 
Knatacliian tube is patulous, the catheter may be used. 
Vertigo following the operation is comlrated by reducing 
the pressure in the auditory meatus and resorting to infla- 
tion. Either a 1 per wnt. fysol solution or a 0.6 per cent, 
solution of formalin may be used (sec pp. 124 to 128). 

To loosen up masses of epithelium nvdrogen peroxid, 
liquid paraffin, or meuthol-vait^n must be injected into 
the cavity through a tympanum tuW, Every syringing 
must be followed by inflation and careful drying of the 
ear. If the suppuration is pnifuse, the patient is ordered 
to syringe the ear and then bathe it with on alcoholic 
solution of hydrc^n peroxid until the suppuration sub- 
sides. The ear mnst be examined on alternate days 
by the surgeon. If the suppuration iloes not subside in 
about four weeks, ■*ilver nitrate should lie instilled, the 
ear being syringed before and after the instillution of 
silver nitrate, and if the scab comes away, the drug must 
lie reapplied. In obstinate cases various remedies must 
be tried in succession, such as zinc sulphate, cop|»er sul- 
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phate, aloolioltc solution of ixtric acid, taniiin-glycei 
4 per cent solution of resorcin, ami, in tiibereiilosia, 
glycerinated solution of iiKlofttrm. GruiiulationH on tl 
miicouH membrane and drumhead siioiild be removed by 
(anterizing with silver nitrate, (chromic acid, or with the 
galvaiiocautery, or they may be wcraped away with the- 
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Fia. 7S,— Pulitzer <-..mbi- 
natJOQ handle with parar<3ti- 
tfSJB needle and. 1. fnrei^n- 
liody hook; 2, tenotome; \ 
probe-point«id knife; 4, cu- 
Nt; 5, (iharp apoon ; 6, cir- 
ealar knire. 

email sharp spoon, the circular knife (Fip. 78, 5, 6), ■ 
Hartmann's cutting forccjM (Fig. 79), taking can 
wound the wall of the labyrinth. 

When the secretion begins to diminish, or if it if 
from the b^inning, insnfHation^ of boric acid (Besold 
boric acid and alum, or boric acid with turpentine i 
be practised after syringing the ear, and a small ear-dn 
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ing constantly applied (see p. 129). For boric acid and its 
CO I II bi nations, eitlier aristol, glntol, or zinc eozoiodol may 
be substituted. If llie perforation is small, it should be 
enlarged to guard against the danger of retention. If 
there are any pt)cki'ts of pus in poriiuns of the mucous 
membrane other than the site of the jierforation, they 
must be drained by making a second perforation. After 
the discharge has ceased, the auditory disturbunce may be 
treated by inflation or electric massage. After an otitis 
media an artilicial drnmhead may be tried and will some- 
times be found to exert a very favorable influence on the 
hearing. It impnives the position of the ossicles by press- 
ing on the remams of the drumhead, or, according to Lucffi, 
acts favorably by altering the laliynnthine pressure, and, 
in addition, it increases the amplitude of tne vibrations. 
The artificial drumhead is composed 
of a thin rubber disc attached to a ^ 

wire (Fig, 80, Toynbee] or a little 
twill of cotton moistened in glycerin 
(Yearsley); it should be placed over 
the perforation or in the region of the bee). 
fenestra vestibnli. The best place for 
conducting sound must he found by experiment, as the 
effect on the hearing varies greatly with the poeition of 
the urtificinl drunihrad. The patient gradually becomes 
used to the contrivance and is able to wear it all day. 
Great cleanliness is necessary to prevent recurrence of 
the suppuration. An artilicial dnimheatl may also Ik 
tried for the hearing when there are scars in the postero- 
superior quadrant. A lar^ scar that bulges during Pt>- 
lirxerization may be rendered more resistant by jminting 
it with collodion. Just ax in udhesivo processes due to 
catarrh, an attempt may be made to remove the adhesions 
that remain after a dinmic suppuration Mween malleus 
and incus, between the dnimliead, the ossicles, and the 
promoutorj', and Iwtween the malJeusand the promontory, 
in the hope of restoring sonic degree of mobility to the 
stJipes (Figs, 81, 82, HSJ. Such attempts are often fol- 
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luwi'd by very ^k1 results. Id ankyWis of the mallei 
Rnt) incus tlie stapos may be reuderoti inort.* movable I 
dividing the long priH'ess of the incus. Scars in tl 
neigiihi)rhoo(l nf the stajtos (fig. 84) may be divided li 
synec'lioliimy (Fig. 75), l)y incisions in the «car ti«" 
(Fig. 84), or even by extraction of the stapes if i 
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tiMuo aukylosis of the atapea; 3, sak's space: 3, caries of lol__ 

■dhesiDQ between manubrltiia and process of incaa; 1, scar adherMit 

long proFoiw of incus; i, adiiesian to tb^ eapitnlum of the stapes (a 

between ToanDhriiim and proiiian- the posteroauperior qnadnut; 5, 

tory; 5, scar adherent to the prom, nmbo adherent to the pmmontoiy; 

ontory; 8, retaaitis of dmiuhead. G, remains of the dmnibesd pM>- 

IncisionstorelieTBtfiUBionaremade ing to the nmbo. 
■t 3. i, 5. 

labyrinth is intact, thus bringing about marked improve- 
ment in the bearing. If the closure of a perforation \ '" 
an artificial drumhead is not followed by tinnitus aurinj 
and diminution in the. power of bearing, as is the t 
when there is limitation of the niovemonLs of the m^le 
and incus, an attenipt may be made to get the perfon 
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to heal over. This is done by skin-grafting (BerthoUl) or 
by freshening up the edges of the perforatiou with trichlor- 
acetic acid. The caustic iti applied once a week cvcrj' week ; 
often a crust is formed and the perforation only appears 
to be closed. Closing the perforation has the advantage 
of avoiding any danger of infection through the auditory 
canal. If spontaneonw lieiiliiig of a perforation is fol- 




Fio. 93, — ftMtlttal section Fta.&t.— aattittalsection thronghthe 

through the tymtHnla ovlty tympuilc cavitj (acliemiitici ; witr (3) 

ImheiustiGl ; iiiciaioDa for thi- «dtipn>Dt to tliu walU uf cliv tympanic 

purpose or rvUering Mndoo >t cavity U i. the atapfs (3). and thu tvft- 

4, 5, ttod 6 (ooin(«nj Fig. 82), men tympaiil (4). Two inciaiona sro 

msdo to the clcatrici»t tisauu to relieve 

the tension nf thu alapea (nyDecbotomy 

after Politxer). 

lowed by a diminution in the hearing or tinnitus aurinm, 
a fresh perforation must be made with a galvauocautery. 
The Bonnd-waves may then be transmitted directly to the 
stapes, as in iheenBe of a s^ar— -for instance, in caries of 
the long pnxvBs of the incns. 

(e) Oouibg of an Otitis Media in Oeneral BiaeaHes. — 
When an aural discharge develojw in the course i>f an 
acute infectious disease, it is very freijuently neglected or 
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fter the iufectio 
gravest cnmplica- 
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'\U §igni6<»ncc is underestltnatod 
and bv the patient ; but yeftre tat 
disease lias lung been forgotteD, 

tionit may develop, which might have been avoided if the 
proper treatment had bi-en instituted promptly. Thus, 
12 per e^nt. of all cases nf chronic middle-oar niippura- 
tion and many cases of tleaf-mutisiu are directly due to 
scarlet fever (Burkuer). 

Scarlet fever, diphtheria, and Influenza are the <Iisea.'~f« 
that are most dangerous to the ear. In the third or 
fourth week of scarlet fever — that is, at the eat) of the 
period of desquamation — a simple acute otitis me<iia 
develops, with pain in the ear but without fever, or a 
perforative otitis me<lia may develop with elevation nf 
temwrature. If the pro(>cr treatment is applied, thes*- 
conditions may be cured. On the other hand, an otitis 
media occurring before and during the period of eru] 
tion is UBiially attended with rapid breaking-down * 
the drumiiead, which may become completely destroyi 
within four days. The tympanic ossicles fall a victim 
to carieB and necrosis and are exfoliated; the discharge 
is fetid from the beginning, rupture of the pus through 
the windows of the labyrinth is followed by destruction 
of the labyrinth, deafness (panotitis), deaf-mutium, or 
meningitis. The temperature may rise to 40°C.{104°F.); 
the seventh nerve la often paralyzed. If tliere is a com- 
plicating diphtheria, the inflammation is apt t« spread 
the middle ear, and necrotic grayish-white shreds 
mcmbmne that are difficult to remove are foun<l in 
auditory canal. Mastoid complications are com 
Even before the occurrence '« perforation death 
result from intracranial complications. 

Tieatment. — Must be instituted early. Spontani 
nipture must be antici]iated by an early and free 
cision ; otherwise tlie gravest consequences may eiiene 
the general health and throw discredit on (he phyaida 
Prophylactic gargles; if symptoms of labyrinthine di 
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case make their appearance, hypodermic injectiooB 
pilocarpi n. 




Diplitlurla. — Frequently complicating the middle ear 
n pharyngeal diphtheria by extension through the tube ; 
usually attended with violent symptoms and great de- 



struction ; perforations are usually large. Postdiphther- 
itic paralysis of the palate may lead to exudative middle- 
ear catarrh and degeneration of the tubal muscles. 

Measles, — The middle ear is always implicated in 
measles. In mild epidemics a simple acute otitis media 
is the rule, but usually, during the peritxl of desquama- 
tion or in the second week of the eruption, the teinjwra- 
ture rises and a perforative otitis ensues. If treatment 
is applied in time, the prognosis is good ; but mastoid 
complications, carieF, and necrosis frequently develop 
quite early ; rarely gangrene of the pinnie. In 8 per 
cent, of the cases measle-^ is followed by chronic suppura- 
tion of the ear (Biirkner) {Plate 39, 4). 

Inflnenzft. — While simple otitis media occurs in catar- 
rhal iuHuensa, the perforative variety, which is common, 
is attended with intense pain in the mastoid process and 
in the extremities, high fever, hy|)enestheaia acustica, 
deafness, and oAen trifacial neuralgia is more common. 
The drumhead is of a dark, bluish-red color and bulges 
(Plate 38, 20) ; blnish-black blobs are seen in the audi- 
tory canal (otitis media hemorrhagica). Sometimes there 
are nipple-like projections on the drumhead. Perfora- 
tion occurs early and is soon followed by extensive dis- 
ease of the bone. Death from intracranial complications 
is not uncommon. Sometimes a primary ostitis mastoidea 
develops. After the subsidence of the otitis, sometimes 
even when there has been no otitis, otalgia often develops 
( Kaufman n). 

Typhoid raver. — Furuncles and pi'igrene of the pinns 
are rarely observed as a result of trt>pho neurosis. In 
from the thinl to the sixth week of the disease exudative 
catarrh may develop as a result of cerebral hyperemia, 
During the fourth or fifth week a specific perforative 




I 



I 



PATHOLOOY AS'D TREATMEST. 

otitis media tuakos its appeurani-e, witli ri^e of tempi 
ttire and usually a ^niall riertbnitioD, often with i 
involvement of the maetuid process. If the memt: 
tympani is promptly incised, recoveiy endues ; otfaerwiri 
the condition i^ apt to go on to a viironic otitis. Duriqj 
the firet dayu of typhoid fever, owing to dis4«9e of til 
eighth nerve and tlie central organs of hearing, thei 
may be impaired hearing and tinnitus, though the dru~ 
head is normal. Tiie condition lasts a long time, I 
ends in recovery or very rarely in deafness. 

PnevmonU. — Perforative otitis meflia with rise of teid 
perature may come on in the second or third week, 1 
infectious material liciug propelled through the Eustachia 
tube during tlie [taroxysms t>f cough (cerebral 
monia). 

TnlwTcaloiiB. — Tubercular infection of the middle < 
ia rarely primary or derived from the blwHl, the inl 
being most frequently carried by the sputum by w 
the Eustachian tube, which is often dilated as a r 
of fatty atrophy. On the drumhead grayish-yellow no^ 
ules appear ana rapidly break down (Schwartze), leavin 
multiple perforations (Plate 39, 13). A large defect i 
the membrane may be produced by the confluence oj 
several perforations. The drumhead and mucous metfll 
brane are frequently covered with teoaoious, whitish layei 
of fibrin (Sclieibe). As a rule, there is no pain, but tT 
hearing is markedly affected and grows rapidly wo 
The aural discharge is fetid, thin, and caseous, and e 
tains necrotic bone and tuberele bacilli. The tyn 
mucous membrane is greatly swollen and contains c 
areas with and without giant-cells (Plate 31). The e 
thelium Is destroyed, the bone often laid bare and ere 
in places. Small sequestrse are seen l_%nng in the g 
latiiig mucous membrane. Ijarge portions of the 1 
poral bone are often destroyed by c.iries (Plate '. 
Palsy of the seventh nerve ia common. The wall 
the promontory feels rough to the pmlM?, the tympc 
oeeioles ore often carious, and the roof of the tympuiiia 
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ig perfomtel like a sieve (Plate 24) ; there U often no 
tendency to external rupture. Beatb is usually due to 
the pulmoiiar)' disease, more rarely to intracranial com- 
plications or erosion of the carotid artery (Plate 26). 
The prognosis is bad, but a non-tubereular otitis may 
occur and be recovered from iu tuberculosis (Schwabach). 
In rare cases tubercular bony tumors are formed in the 
temporal bone (Korner). 

Treatm^it. — Constitutional. Litcally, insufflation of 
iodoethyl, and instillation of glyeerinated iodoform. 
Iia(li<^'al operative intervention is justifiable if tbe indi- 
cations are urgent and the general condition is favorable. 

BTphlUs. — Ulcerations in the nasopharynx in syphilis 
extend to the Eustachian tube and lead to middle-ear 
catarrh or inflammation. The interference with the 
hearing is usually great, particularly if disease of the 
labyrinth is also present. The functional test is impor- 
tant in establishine the prognosis. If there are symp- 
toms of labyrinthine disease, such as positive Rinne, 
Weber in the healthy ear, shortening of Schwabach, and 
lowerine of the upper tone limit, the prognosis is un- 
favorable. A punilent otitis media ends either iu re- 
covery or in chronic suppuration. 

Trentviml. — Constitutional, inimctions, potassium iodid. 
Local, the same as in non-specific diseases. 

Diabetes. — Fulminating perforative otitis media with 
extensive destruction of the bone, but usually without 
involvement of the soft parts. Rapidly progressing 
dt'slruction of bone is also occasionally observed in 
Bright's disease. 

Actlnomycosifl. — Rarely primar)' in the middle ear; 
UKually secondary to actinomycosis of the lower jnw. It 
loads to grave disease of the middle ear and mastoid 
pnicess. Tlic diagnosis is coiifirmfd by microscopic ex- 
amination. 

(c) Diseases of the Eustachian Tube. — Since 
the Euslacliian liilw.' is of (lie greatest imp»irtance to the 
middle ear as an orgau of protection and ventilation, 
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disease of the tube Is very frequently followed by di 
of other portiuns of the middle ear, and it is rare that 
morbid process is strictly confined to the tube alone. 

1. Foreign bodies may enter the tube from the mouth 
during vomiting ; a bougie, after being introduced, may 
break otf ; gunshot wounds have occasionally been re- 
ported. The foreign body is usually forced out of the 
tube during hawkiug and s\vullowing ; if it is visible by 
postrhinoBcopic examination, it may be removed with an 
instrument through the nasopharynx. 

S. Salpingitis.— -(«) Acnta. — Edology find PaihUogy, 
Infection, esiwcially of the cartilaginous portion, 
catarrh of nasopharynx. The tube l^omes occluded by- 
swelling and increased secretion of mucus (Plate 23, 3 a). 

Course ai\d St/mptomx. — In the postrhinoscopic image 
the pharyngeal orifice of the tulie appears reddened and 
often contains a plug of pus or a crust. During Politzerl- 
eation air enters the tube with difficulty or not at all. 
The drnmhead is retracted, and its luster normal. At 
first and so long as the disease is confined to the tube 
there is no exudate, but the patient complains of fulness 
in the ears and deafness (closing of a valve in the ear), 
pain on yawning and swallowing, and itching io the 
throat when the patient takes snnff. Sometimes the con- 
dition changes to chronic catarrh. 

TrealmtiU. — Treat the disease of the nasopharynx ; in- 
flation, if necessary, with the catheter. 

{^) Chronic Salptngitts. — Etiology and Pathologif. — An 
acute salpingitis may Ijeconie chronic if the nasal olistruc- 
tion jwrsists. Stricture of the tube may re.siilt from hy- 
peremia of the mucous membrane and the formation of 
connective tissue, or the lumen may become enlarged 
through atrophy. 

Cbur»e and Si/mptoms. — Great auditory di.'^turbance, 
with symptoms of catarrhal adhesions in the tympanic 
cavity. There is no pain. Auscultation reveals a mur- 
mur during inflation. If the tube is tUlated, there 
autophunia. 
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Treatmail. — Inflation alternating with injections of 
zinc sulphate, ammonium muriate, and a glycerinatc-d 
(solution of incliu through the catheter. Intrudui-tion of 
bougies which may he tipped with a 10 per cent, solution 
of silver nitrate. Medicated vapors {turpentine, sal am- 
moniac, menthol). External ma^^sage of the neck and 
massage of the tulie. Treat the nose. 

3. UlceTation at the Fliaryngeal Orifice of the Tube. — 
Adenoid vegetations are sometimes accompanied by fol- 
licular abscesses that may invade the orifice of the tube 
(Trautmann). Ulceration occurs in diphtheria, tubercu- 
losis, lupus, syphilis, scrofula, variola, and malignant 
tumors (can.^inoma). They result in adhesions and scars 
at the tubal orifice or between the pharynx and the velum 
palati, thus occluding the tube. 

Treaiment. — Constitutional. Treat the disease of the 
nasopharynx. The ulcers at the tubal orifice may have 
to be cauterized with chromic acid. Irrigate the naso- 
pharynx. 

4. AlteratioDB in the Lomsn. — .Stricture of the tube, 
especially in the neighborhood of the isthmus, occurs as 
a sequel of chronic middle-ear catarrh. Sfricture at the 
pharyngeal opening may be caused by the pressure of a 
tumor in the nasopharynx, such as adenoid vegetations, 
hypertrophied tonsils, or polypi; by paralysis of the 
seventh nerve ; and by congenital cleft jMtlate, owing to 
collapse of the walls of the lube. Atnsia results when 
denuded portions of the walls lying opposite one another 
become adherent, especially in the cartilaginous portion, 
and from hyperostosis in the bony portion (Plate 23). 
Stricture and atresia are recognized by the absence of an 
auscultation murmur during inflation. Sometimes cathe- 
terization meets with great resistance, and high-pitched 
whistling murmurs are heard, which become lower in 
pitch after the passage of a bougie. Politzerization atid 
Valsalva's experiment cannot l>e carried out. 

Tirnlineiit, — Strictures are dilatol by pa.-<sing bougies 
of gradually increasing caliber, two or three times a 
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week for fifteen lunnths. Massage of the tube may be 
useful. If the Btrictun; consists of connective tissue, re- 
covery !e rare. In atresia an attempt may be made to 
divide the obstruction with a probe- pointed knife, intro- 
duced through a catheter or by means of electrolysis. If 
the atresia is incurable, some improvement is obtained by 
making a perforation in the drumhead with the galvantt- 
cautery, or, if the distress is great, by extirpating the 
malleus so as to allow air to be forced into the tympanum 
through the auditory caiuil. Insuffioieney of the tubal 
muscles should be treated by galvanization. 

C. Seqnelffi of SuppuratiTe Otltig Media.— (a) 
Diseases of the Mastoid Process (.after Korner). — Dis- 
ease of the mastoid process is usually secondary. Primary 
infection of the mastoid process may occur by way of the 
blood, as in tuben'ulosis and osteomyelitis. The diseases 
of the mastoid process manifest themselves as periostitis 
and ostitis mastoidea. Mastoid disease may appear to be 
primary when it occurs after an otitis media has sub- 
sided ; this is particularly common in pnenmococcus and 
influenza infection. Periostitis must be distinguished 
from edema, bmkcn-down lymph-glands, and soft tumors 
of the mastoid process. The symptomatology and treat- 
ment of primary mastoid disease, which is very rare, are 
the same as in the secondarj' form. Periostitis of the 
mastoid is usually secondary to ostitis. Primary perios- 
titis practically occurs only after injuries in connection 
with abscess of the parotid gland and arter otitis externa. 
It may in that case lead to secondary sui>erficia] caries of 
the cortical portion of the bone, wbith, however, usually 
runs a favorable course, 

1, Acute MaBtoiditis (Acute Necrosis of the Bone). — 
Miohgy and Pathology. — Infection of the mastoid process 
occurs after an acute otitis media, particularly in patients 
suffering frr.m syphilis, tuberculosis, diabetes, or weak- 
ened by influenza, scarlet fever, or diphtheria. One of 
the commonest causes is retention of pus owing to insuf- 
jicieTii drainage, in sponlaneous rupture of the drumhead. 
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wlieii the perforation is too small or is situated too liigli 
up, or the outflow is obstructed by polypi or stricture of 
the auditory meatua. Tht- infection is usually due to 
streptococci, and is atlcnded with necrosis of the bone 
(l*late 30). It is probable that the mastoid process con- 
tains })us in every case of acute suppumtiou ; in other 
words, there is an empyema of the mastoid process (Plate 
23), but the Iwnie is not necessarily diseased, and if ade- 
quate drainage is secured, the suppurative process in the 
mucous membrane may heal spontaneously. The mucous 
membrane lining the mastoid process becomes greatly 
swollen, and the seat of serous aud round-cell infiltration 
(Plate 34), the lumen of the mastoid cells becoming 
greatly constricted. 

When the opening of Ihe mastoid cells or the commu- 
nication between the threshold of the antrum and the 
antrum itself become obstruct«id by excessive swelling of 
the mucous membrane, pus is not properly absoroed, 
especially in the pneumatic type of mastoid process, with 
lai^ apiral cells, drainage is inautBcient, and retention 
takes place. These circumscribed purulent foci may re- 
main within the mastoid prixsess after the suppurative 
prijcess in the tympanum has ceased. The denuded 
muoons membrane under the pressure of newly formed 
granulation tissue proIitcratCB into the Ixiny septa which 
separate the cellular spnces, the septa break down and 
disap]>ear (Plate 341, so that the entire stnicture is offen 
converted into a large ca\-itv filled with granulation 
tissue, pus, and carious bone (see p. 231). The cortical 
iiortion of the bone and periosteum are not necessarily 
involved. The purulent granulations arc particularly apt 
to burrow through the spongy bone until they reach the 
cranial cavity, hn-nkin); ihmugh the lamina vitrea and 
laying bare the sinus itud diini muter. Sometimes the 
granulations follow the Haversian canals and vascular 
channels, and apjH'ar on the outer surface of the bone in 
the mastoid fossa (Plate 20), or foi-ee their way toward 
the roof and posterior Imny wall of the auditory meatus 
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(Pbie 24L. Miw« rarelr dMy inrade the cellulie sqoa- 
mu^iF simI Bttsck ibe sqaanui or the inner sor&ce uf the 
tip of tbe masloid piviw:^. 

When a f^og of gnnobtioo ti^oe gets under tbe peri- 
oeteoin, the Utter is luGeened finm tbe bone hy tbe accotn- 
panviE^ pamkiit exudation. Tbe perioeteum and the 
i^in become iofihrated, and a subpericeteal absceaa ts 
lurmed, which later, aher the periotteum breaks doira, 
becomes converted iDto a subcutaneous tJbstxas, The 
skin behind the ear or in tbe posterior vail of the audi- 
torj canal mar be perforated bv fistols, or deep ab- 
flccsaea may develop on tbe side^ or baick of the neck. 
Onaaonally the penoeteum ef<cap(^ e^'en after rupture 
through the cortical portion of the bone has taken pUce. 
In gmall cbildreo, before the squamoma^toid suture is 
eluded, an empyema of the mastoid priK-Cf^ may lead to a 
periosteal ab:^-es^ without destroying the bone. In such 
a case, and in fact whenever there has been no caries of 
the bone, recovery- by absorption is possible, 

Symptomg and f'ourfie. — In acute otitis media, before 
paracentesis, the mastoid proeess, especially the tip, is 
always sensitive to pressure. If, after an incieion has 
been made and sufficient drainage has been obtained, the 
sensitiveness of the mastoid process increases and the 
patient complains of continuous pain, or if, after a week's 
application of ice compresses, the swelling of the peri- 
osteum does not subside, the bone is in all probnbilihr 
diseased. In caries of the bone the general condition is 
greatly affected ; in adults there is a subfebrile tempera- 
ture ; in children, high remitting fever and frequently 
cerebral symptoms, such as vomiting, wtnviilsions, and 
stujior. The discharge ia very profuse, creamy, hemor- 
rhj^c, and contains carious bone. If, four weeks after 
the beginning of an otitis media, the discharge continues 
profuse, carif?« of the bone should be suspected. In peri- 
ostitis and when the pus has burrowed under the skin of 
th« auditory meatus the lumen becomes constricted to a 
narrow oleft, owing to the depression of the roof atid 
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poeterior wall of the canal, then there is no doubt that 
the bone is carioiin. The same is true it' the pus hsa 
burrtiwed under the skin of the mastoid iinieess. 

The pinna is pushed downward and uwuy from the 
skull ; tlie fold of the car bwiomes obliterated ; if the 
abscei^ is superficial, fluctuation iafelt; the skin is red 
and hot; sometimes pus can be squeezed out of the ear 
by pressing on the swelling. The lymph-glands on the 
mastoid process and in the neck are swollen. If the soft 
parts are not involve<l, the percussion note is absolutely 
flat, and on transilhimiuatioQ the parts appear dark. 
The skin behind the ear may be perforated by one or 
more flstulte. If the pus burrows into the digastric 
groove, whieh does not usually occur in children under 
six years of age, the insertion of the muscle at the mas- 
toid priMWsa is forced outward. The pus then burrows 
along the sheaths of the muscles as far as the clavicle, or 
posteriorly into the nuchal region. The head is inclined 
toward the diseased side, and a swelling is noted along 
the sternocleidomastoid muscle. Owing to the deep situ- 
ation of the abscess no fluctuation can be felt (Bezold), 
Spontaneous recover;- is possible after the formation of 
fistiilse, but leaves lai^ defects in the mastoid process or 
in the posterior wall of the meatus, which become cov- 
ered with scar tissue {Plate 27). 

Trfoitiind. — In the early stagew of ostitis and periostitis 
of the mastoid process paracentesis openings should be 
enlarged ; if there are juilypi, they should be removed 
nnd the ear irrigated. Leeches or ice-bag should be 
applied. If caries of the hone is established beyond a 
iloiibt by the (iresence of fiatulie or depression of the roof 
and posterior liony wall of the auditory meatus, or if it 
appears very probable, from the continuance of severe 
pain, fever, and infiltration on the mastoid process, ill 
spite of a week's npplication of ice compresses, or if 
symptoms of intracranial complications develop, the mas- 
toid process muft he opened (Plate 29), Incision of the 
soft parte down to the uont' — the so-called Wilde incisioa 
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— is insufficient except in the empvenia of infa 
before ibe ^iianiociasioiil suturv Ims become closed. 
^nce there is taries of the bone ibe diseased bone must 
be removed, and if the <iipp«rative process is still active 
in the tympanum, the source of suppuration — the antruiu 
— must be exposed bv a formal opeuing of the mastoid 
pmcess after Si-hwartre. 

Before proceeding to operate the contour of the skull 
shonM \vr <U]'\\r<l carvfiiUy. as the course of the posterior 



Fill. ^o^'-Slacke ^upe- 

buny wall of the auditory canal varies st^mewhat in doli- 
chocephalic or braehycepbalic skulls (see p. 19). If the 
tissues behind the ear are swollen and pierced by fistulie, 
a curved incision should be made through the swelling; 
if not, the incision should he made parallel with and J 
nm. behind the insertion of the ear, and carried down to 
the bone. After the hemorrhage has been controlled, the 
periosteum is pushed back in both directions and the 
pinna, with tlio cartilaginous portion of ihe meatus, 
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drawn forward until the posterior margin of the bony 
portion of tlie canal, the mastoid fossa, the supramastoid 
crest, and the tip of the mastoid are exposed. If there 
is a Gstiila through the bone, the proI»e should be intro- 
duced to determine whether the diim or the sinus is 
exposed. The granulations are then removed with a 
curet, the fistula is enlargeil with a chisel, and the 
antrum is laid bare (see belowl. In small children cu- 
retting suffices, as the antrum is very superficial (Piate 
6, 1). If the outer surface of the bone is intact, an 
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Opening alx>ut 1 cm. in diameter is made with tlie chisel, 
J em, behind the supmmeatal spioe and l)eh)w the supra- 
mastoid creat (Plate 29). 

The instrii mentis used lire gouges (Fig. 86), straight 
chisels (Fig, 86) with runnded corners, and a Bteel ham- 
mer (Fig. 87). The edge of the chisel must always be 
diieeted away from tlie supra mastoid crest, to avoid the 
middle fos^ of the skull, and away from the posterior 
surface of the wound to avoid the sinus ; 
for SHfety, therefore, the opening is made 
parallel to the auditory canal. If the 
operator is careless, lie may wound the 
dura mater (Plate 10), the sinus, the sev- 
enth nerve, or the labyrinth (Plate 7). If 
the bone underneath tlie cortex is broken 
down, pulsating puB and granulations are 
soon exposed. These should be curette<l 
away. The probe is then introduce<l, lo 
search for a fistula leading into the an- 
trum ; if no Rstula is present, the antrum 
is reached by going in along the posterior 
wall of the meatus from witliout, the iii- 
strnment being directed fmm behind and 
above forward, downward, und inward 
not more than 18 mm., on account of the j, 
danger of injuring the seventh nerve and 
the labyrinth (Plate 7, 29). The pnsteri<)r 
bony wall of the auditory canal should not be touched. 
If the sinus is in an abnormal position iin<l comes into 
view lis soon as the l>one is opened (Fig. 17), or if there 
is a fistula in the auditory canal, the posterior bony wait 
of the canal must Iw removed as far as the diseased area 
in one direction, and as far as necessary lo expose the 
antrum in the other. Overhanging e»lges of bone are 
clipped away with a rongeur forceps. If the lip of the 
process is diseased, it must be cut away with the bone- 
cutters (Fig. SSI, taking care not to wound the occipital 
artery. If tlie pus has already dipped into the tissues, 
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the inoision may have to be eulat^d downward n 
wan). If the incision has been large, the upper angle of 
the wound should be closed with a 
suture. The wound l>ehind the oar 
is ihen packed with iodoform eauze 
and slrijis of sterile gauze introdu<«<] 
into ibc ear ; a pod is placed behind 
the pinna, and a lai^ ear-dressing is 
applied. If no fever develops, the 
dressing nee»l not l>e changed for 
four or five days, Either sterile or 
silver gauze mav be used in the dress- 
ing. Fever occurring on the day of 
the operation in patients who were 
free irom fever before is aseptic 
wound-fever (p<«toperative fever). If 
it occiin- on the second or thinl day 
and there are no other complications 
— such as angioma, for instance — that 
have anything to do with the ear, ve 
must suspect infection of the wound, 
retpntioD of pus, or an intracranial 
complication, and the dressing should at once be changed. 
If tlie discharge is fetid, aluminium acetate should be 
used. In healthy subjects the cavity in the bone and 
the incir^ion in the skin heal by granulation. Kxuberant 
granulations may be touched with silver nitrate. 

The ear itself must be treated at the same time. The 
anml discharge often subsides before the wound behind 
the ear has ceased to suppurate; the latter hf?als in about 
two weeks and leaves a contracted scar. If the general 
condition is much reduced, healing may he delayed, and 
if the carious process in the bone continues, as in tuber- 
culosis, lues, and scarlet fever, the wound does not heal 
at all. In that case the sequestra must be removed from 
the mastoid process, the auditory ossicles be extracted, 
and the radical operation may l>ecome nccessarj'. The 
measures employed to improve the hearing are the s 
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after maatuidititi as afttir actite perfurative otitis media 
(see p. 186). 

2. Gixonic SCastoidltiB and OsteosclerosiB. — Patliology 
and Etioloffy. — Chronic siippuratinn of the middle ear 
almost always involves the rancons membrane of the 
mastoid process, which appears pale retl, swollen or 
Uitukencd, and tendinous. The granulation liasnes with 
which the mastoid cells are filled may become fibrous 
(Plate 34) or even undergo ossification. The cellular 
si>aces then become filled by brittle, ebnrnated bone, and 
tlie cavity of the antrum becomes coctnicted (Plate ti). 
(Osteosclerosis is an almost constant accompaniment of 
chronic suppuration.) Even in uncomplicated chronic 
suppurations, where the perforation in tne drumhead is 
usually found at or near the center, pus is almost always 
found in the antrum, although the bony walls of the cavity 
are normal. 

Carious processes in the mastoid process are usually 
due to iasumcient drainage and periodic retention. The 
walls of the antrum crumble and become infiltrated by 
granulating mucous membrane (sec p. 231); the cavity 
contains granulations and semifluid, caseous, fetid pus. 
The drumhead is usually entirely destroyed, or peripheral 
perforations are present in the upper half of the mem- 
brane. In osteosclerosis the carious process begins in the 
antrum, which becomes enlarged from the breaking-down 
of its walls. From the antrum the pus may l)e earned 
to the cranial cavity by the normal channels in the lione, 
but more fretiuently the carious process in the antrnm 
reaches the cranial cavity by direct extension (Plates 24- 
27). The soft parts on the surface of the mastoid process 
are not so apt to be diseased as in neute ostitis, because 
rupture toward the surface meets with greater resistance. 
Disease of the antrum is nsuiilly a concomitant of disease 
of the tympanic cavity and ossicles (pp. 230-235). The 
danger of a fatal termination is enhanoed by retention of 
pus (exontosis of the auditory canal). 

Courae and Symptoms. — Chronic disease in the hone of 
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the mastoid pnxvs^ in individnuls wlio have suffered 
from supimraiion in the ear for mauy years may run its 
course without giving rise to ^-mntoms. Sometimes the 
aural discharge is very profuse ; frequently the pus may 
be seen behind ainl above, trickling down from the region 
of the antrum, and retains its fetid and eaaeoug character 
iu spite of autiseptic irrigations. It may be scanty aud 
dry up to form crusts ; polypi are frequently found in 
the auditor}' meatus. There is great destruction of the 
dnimhead (Plate 39, 7, 8) ; the malleus is wanting, or 
projects into the tympanic cavity ; the incus is destroyed, 
or very often carious, and a peripheral perforation is fre- 
quently found above aud behind, in Shrapnell'a mem- 
brane ; sometimes with a carious defect iu the bony por- 
tion of the meatus. During aspiration with Siegle'a 
speculum pus trickles down out of the antrum, aud occa- 
sionally the probe comes against rough bone. As a rule, 
there is no pain unless pus-retention occurs, which mani- 
fests itself in tenderness of the mastoid process, periosteal 
swelling, fever, and sudden cessation of a profuse dis- 
charge. Sometimes, if the cortical portion of the bone is 
diseased, subperiosteal abi^cesses and fistulie appear on 
the outer surface of the mastoid process or on the roof 
and posterior wall of the auditory canal. Suppuration of 
the mucous membrane alone may get well spontaneously or 
under local treatment. While the process of osteosclerosis 
is going on the patientti sometimes complain of neuralgia. 
Treatmmt. — The same as for chronic otitis media, with 
removal of the granulation aud extraction nf diseased 
ossicles, followed by irrigation (see p. 230), If the bone 
is diseased, the radical operation is indicated (Plate 2!l). 
In osteosclerosis with neuralgia a wedge-sha[)cd opening 
in the mastoid process will suffice (Schwartze). The radical 
operation is indicated in chronic raastoiditif when the 
presence of abscesses and (istulee and repealed swelling 
of tlie periosteum make it certain that there is caries of 
the bone; when caries of the bone is probable from the 
fact that the retention cannot at once be relieved, particu- 
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larly in stenoais nf the auditiiry canal ; when there are 
fever, pain on pressure, and periostea! swelling; when 
the general condition of the patient is impaired and 
otorrhea ceases. The last eondition must not be con- 
founded with otitis externa and constitutional diseases. 
Further indications are the appearance of the first symp- 
toms of intracranial complications, such as headache, ver- 
tigo, vomiting, hyperemia of the optic nerve, and optic 
neuritis ; the extension of the snppurution to the laby- 
rinth, indicated by sudden deafuess, nausea, tinnitus 
annum, and staggering gait, and, fioally, a suddenly 
developing jwralysis of the seventh nerve. The diagno- 
sis of caries not attended by violent symptums from the 
otoscopic findings alone often requires a protracted period 
of observation (sec p. 217). In such cases the radical 
operation is atijo indicated if local interference has proved 
unavailing. The object of the radical operation is to 
expose the antrum and tympanum, to connect the two 
by removing the posterior bony wall of the anditoir 
meatus, and convert them into one large cavity, thorough 
inspection of which is secured by the implantation of 
epidermis (Kiister, Zaufal, von Bci^manu, Stacke). Be- 
fore operating, the shape of the ^ull must l>e studied 
carefully ; the electric head-lamp should be used during 
the operation. The step's of the ojwration are as follows : 
J. •Separation of the Pinna und AuHifory Canal (Plate 
S9). — A curved incision, \ cm. behind the ear, from the 
tip of the mastoid to the snprainastoid crest, carried down 
to the bone, is made. Strip the periosteimi and control 
the hemorrhage. The pinna and posterior membranous 
wall of the canal arc drawn forward and dissected awav 
from the bone aw far as the drumhead, close to whicli 
they are divided by a transverse incision, taking care not 
to wound the anterior wall of the canal, A strip of 
gauze is passed through the auditory canal to act as n 
retractor. The pinna is then drawn forward until a view 
of the tvmpanic cavity is obtained. On the mastoid 
process tlie following latidmarks must be exposed : The 
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supra mastoid cre^t, ^uprameatal fos!^ll, maslnid fossa, the 
tendon of the steriiix' lei do mastoid muscle, the anterior 
haif ofthe process, and the squainomastoid stiture. 

i*. Opening the Anfritm. — When the cortical layers of 
the bone are healthy, the aotruiii is opened from the 
outer surface of the mastoid process after Schwartze, just 
as in acute mastiiiditis. If the cortical layers arc ti^- 
versed by fistulee, the latter mav be utilized (p. 221, 
Fig. 89).' 

S. Removing the Poderior Bony Wall of the Atulitory 
Ouna/,— The bone is chiseled away in layers below the 
supramastoid crest, taking in the entire width of the 
posterior wall. If the middle fossa of the skull is dis- 

E laced downward, there is danger of wounding the dura, 
ut if the asepsis is jjeriuct, this does no harm. As the 
deeper portions of the canal are reached the floor of the 
meatus must be avoided more and more l>ecause it lodges 
the seventh nerve (Plate 3). If the sinus is displaced 
forward, there is danger of opening it, but if the ase)»i5 
is perfect, this is of no importance. In anemic indi- 
viduals there is some danger of air embolism during deep 
inspimtion af^er the sinus has been opened. Hemorrhage 
may be controlled by (mcking with iodoform gauze; if it 
is very severe, the operation may have to l>e discon- 
tinued. Before the lust bridge between the antrum and 
the auditory canal is broken through with the chisel or 
rongeur forceps, a probe should be introduced into the 
entrance to the antrum as a precautionary measure (Fig. 
90). If the chisel goes too deep, it will injure the sev- 
enth nerve and possibly the external semicircular canal 
and vestibule. 

4- Opening the Attic. — A bent probe is introduced 
into the attic, and the osseous portion removed until the 
attic is level with the rt>of of the tympanum. The an- 
trum, miistoid process, auditory canal, and tympanum 
have now been converted into a common cavity divided 
info two iwirls by the lower portion of the posterior bony 
wall of the meatus and by a low ridge of bone (spur). 
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The latter is to be leveled as much an possible, the opera- 
tor being on the lookout for twitching of the facial mus- 
cles, indicating Injury to the seventh nerve. By remov- 
ing the floor of the auditory canal the "cellar" of the 
tympanum is made mure accessible from without (Jansen). 




Fro, as. — Rljcht teniporal biiue. Bhanlni: I, Opening the knlram ■ftet 
Svhwartxe ; S, point where tbu Hiiwl U Snt iiiaertcd In retnaviiijc the 
posterior waJ[ of the meatus aflor Wolf; 3. the samo after Stacke; i, 
portion of mutoiil proceas removed in umr operation, eipcmlnic the linni 
■[III cerebellum ; 6. expoaiog the cerebram I lemiKinil lube) ; T, njiar ; 8. 
middle meningeal artery ; 9, oecond temporal AMure ; 10, 6nt tenipoml 
Anurc; 11, finura of Bylvins; IS, mnstoid foramen. 

5. Curetting of the entire cavity without using force, but 
thoroughly, especially near the pharj'ngcal orifice of the 
EuHtaehian tube. Overhanging edges of bone ure Hmootlie<l 
atvay until the probe c«n be passed in every direction 
without catching. 

6, J'laMif Oj/erfUionn on the Auditory Canal. — («) Two 
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jttinille! incbiong are made tlmiugh the upper and lower 
margins of the posterior membranous wall of the oitial, 
from its free extremity lo the 
tavimi conehee ; by thi« means a 
flap is obtained with the free j)os- 
terior edge, whit:li mnst be made 
thinner by removing the cartilage 
(Kiirner) (Fig. 91). In making 
ttie flap the membranous wall oi 
the canal may he held with a 
Hartmanu forceps (Fig, 92). 

(6) Ad inetsiuu is made in the 
upper wall of the [xisterior mem- 
branous wall of the auditory mea- 
tus, and carried hs far as the con- 
cha ; then a second vertical in- 
cision is carried downward so as 
to form a quadrangular flap free 
at tile lower margin (Stackc). 

(c) An incision is made about 
the middle of the posterior mem- 
branous wall of the auditor^' meatus, and carried as far as 
the CBVum concha', and two vertical incisions are made, 
\ cm, in length, one iipwaril and the other downward, eo 
as to form an upper and a lower flap (Panse). 

7. Afreet the hemon-hage, 

8. IntrodvHion of from three to five sutum in the 
wound behind the ear down to the lower angle. 

9. Parking of the Auditory Meatvu. — Strips of aseptic 
gauze are loosely packed into the canal to complete the 
plastic operation. Kiirner's flap is pushed backward, 
Stacke's downward, and Panse's flaps upwani and down- 
ward against the bony wall, to which they become ad- 
herent, A gauze drain is introduced into the lower 
angle of the wound behind the ear. 

10. Ajtplicnlion oj a Large Bar Dretsmg. — If primarj' 
suture of the wound is impossible on account of great 
infiltration of the skin or extensive caries of the mastoid 
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prooesH, the wound is left open and the plostiu operation 
put off to uuothcr time. This course is also pumned if a 
diseased dura or diseased siniie has I)eeii exjMised. If, in 
Schvvartze's operation, the antrum is not found at a depth 
of 1 cm., or if the ^inuH i^ dinplac«d forward, Htaclce'H 
method, in which the antrum is opened from the audi- 
tory canal, should be employed. The drumhead is ex- 
cised, aud the malleus and the incus are extracted. The 
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s portion of the attic is then chipped away with a 
Ixme chisel (Fig. !)3) until the roof of the tympanum is 
level with the up|)cr wall of the auditory canal {Plate 
17), A pro^H■ (Staclte's protector) is introduced into the 
entrance of the antrum, so that it lies l>etween the scmi- 
cin-ular canal and the seventh nerve below, and the ex- 
tremity of the roof and posterior Iwny wall of the audi- 
tory canal sihovc. The lM»ne is then ohtsele^I away in 
layers over ihe protecting probe until the antrum is 
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oiwjiied. Tile outer shell is then removed as iii 3 (p. 
220). 

Another method of performing the radical operation 
consists in at once chiseling away the roof and [>ost(.'riMr 
wall of the auditory canal as if to enlarge the canal back- 
ward. In this way the antrum is reached at alx)ut the 
middle of the bony wall of the canal (Wolf). If a fistula 
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is found in the wound, it must, if nticessary, lie followed 
as far as the cranial cavity. 

After the operation the patient should b^ kept in bed 
for a week ; if no fever develops, the dressing need not 
he changed for five days. Aseptic fever as high as 39° C. 
(102.2° F.) may occur on the day of the oiteration; if 
it occurs later, it is a sign of infection, pus-retention, 
or intracranial complications. If the patient has been 
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free from fever for a week, nu intracranial complicutiun 
need be feared. The wound liehind the car heals by 
primary intention if aueptiis lias been perfect. The 
sutures may be removed after a week if there are no 
stitch abseessea. Dnring the process of healing to the 
bone cavity the walls first become covered by grannla- 
tion tissue; this is converted into fibrous connective 
tissue and later covered by the flaje of skin derived 
from the auditory canal, which have been forced into 
the cavity by the tamponade during the after-treatment. 
Excessive growth of the granulations and adhesions 
must be prevented by cauterization with silver nitrate or 
the galvanocautery. The new growth of epithelium will 
be materially assisted by avoiding any kind of irrita- 
tion, by taking care to pack the cavity loopely, by ob- 
serving strict asepsis, and by the insufHation of boric acid 
or itrol. If there is persistent suppuration from diver- 
ticula in the Eustachian tube or in the floor of the tym- 
panum, the introthicliou of a crystal of methyl enc-blue 
may prove useful. If infection occurs during the after- 
treatment, perichondritis of the pinna is apt to result. 
The process of epithellalinttion may also be assisted by 
transplanting minute pieces of skin after Thiersch's 
method. The auditory canal and the cavity in the bone 
must remain as completely exposed during the after- 
treatment as they were during the o]>eration. If any 
pockets are formed, the pus will be retained and lead to 
fresh disease of the bone. A thorough insight into the 
cavity is also of importance in preserving the hearing; 
hence it must not be allowetl to l>econie obliterated by 
granulations. 

Sometimes the hearing is improved by the oijeratlon 
if the patient uses an artificial ear-drum. If any diseased 
bone remains behind, the operation will not be suceessfnl. 
Recovery is also interfered with by impairment of the 
general health and by any local suppuration — as, for 
instance, in the cells of the Kustachian tube, or by cyst 
formatioD underneath the epidermis (Zcroni). Under 
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favorable comiitioiis recovery results in from one to 
tliree niontlw ; rfcurreiiue is rare. Sometimes the cavity 
heals, liut the pla^lic uperatiun is unsuccessful. In tliat 
case tlie tympauum is in danger of infection through the 
auditory canul, just as when there is a dry perforation. 
During the postoperative period attention must be given 
to the general condition and the treatment of tlie nose 
(Mosler'n pharyngeal doutihe). Recovery is sometimes 
followed by derraatitb, with tiic formation of crusts and 
scales in the epidermal covering of tlie cavity. This 
readily yields to treatment. If the subepithelial tissue 
becomes fibrous, tlie walls of the cavity present a bright, 
reflecting surface. 

Pneumatocele is the entrance of air under the skin of 
the mastoid process in defect.-) of the cortical layer of the 
bone ; it may follow inflation. 

(b) Cholesteatoma. — It occurs rarely as a new forma- 
tion in ilii' temporal bone (Virchow's mai^ritoma ; dis- 
location of embryonal epithelial tissue), with secondary 
suppuration of the ear. Much more commonly it is a 
product of the epidermis that has wandered into the 
tympanic cavity and mastoid process from the auditory 
caiml and drumhead in chronic suppurations of the mid- 
dle ear(otitis media des^uamatlva) (Habermann, Bezold). 
Whenever the sulxjutaneous tissue in the cavity is in- 
flamed, the overlying epidermis is apt to form cholesteato- 
matous masses which glisten like mother-of-pearl and are 
arranged in successive layers like the skins of an onion. 
Thus, in elephantiasis of the leg the intervals between 
the papillary elevations in the skin are fllled with layers 
of horny tissue consisting of flat polygonal cells devoid 
of nuclei, which, when examined under the microscope, 
do not differ from cholesteatoma tons masses found in the 
ear (Plate !!5) ; in aural polypi also the squamous epithe- 
lium is prone to form a cholesteatoma. It follows, there- 
fore, that the only conditions necessarj' for the formation 
of a cholesteatoma in the miiidle ear are the presence of 
epidermis and a moderately inilamcd soil. In cbrotuo 
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SllppiiratioDB, if the epitbeliiiin of llie tympauit cjivity is 
detitroyed aud tlie mticous ineDibniDC is nut too greutly 
iDflaniGd, tlic epidt^rmig from the auditory canul wanderu 
into the tymjMiiiutii, the attic, aud the antrum (Plate 35, 
4), and there pruceedrt to form cholesteatoma tuuH masses 
which cannot eiumpe from the narrow eavity and its 
outlet Immigration of the epidermis in favored by the 
presence of peripheral jterfo rations, particularly in the 
pusterosuperior quadrant and in Hbnipuell'ti membrane, 
where a tliickened tongue of epidermiti extends on to tlie 
drumhead. Other favoring factors are listuhe in tbe 
posterior wall of tbe meatus (Plate 28), adheHion of tbe 
edge of tbe j>erforution, and adhesion lietween tbe end of 
the malleus and tbe wall of tbe promontory. The mem- 
brane that lines tbe cholesteatomatouM cavity is composed 
of inflamed cerium (Plate 35), a layer of epidermis in- 
cluding tbe rete Malpighii, a layer of eleidin cells, and 
an overlying layer of niieleate<l squamous cells. The 
latter is covered by borny ti.isue arranged in layers, 
which, seen from above, appear to l>e composed of flat 
polygonal cells devoid of nuclei. Between the layers of 
the horny tissue numerous cbolestcrin crystals are found. 
Cbolesterin (C^H^O) crystalliKos in transjiurent rhom- 
boid plates, greasy to tbe tonch, with a motber-of-peari 
luster and frequently witb one corner punched out in tbe 
form of a step, or it may crystallize in the form of deli- 
cate needles. They can be seen in the microscope only 
under very weak illumination. If a few drops of a 
solution consisting; of one (tart water and five parts con- 
centrated sulphuric acid are added to tbe crjatals under 
the raioroscope, a carmin color npjtears at the periphery 
of tbe crystals and slowly changes to violet. If a small 
portion of cbolesterin is put into a test-tni)e and dissolved 
in chloroform, and an equal quantity of concentrated 
milphnric aoid ia added and the mixture shaken for a 
few minutes, the chloroform in the presence of cboles- 
terin becomes first lemon-yellow and then purplish-red, 
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and if the fluid b poiired into a di?)i, ihe colors c 
to blue, then l« green, then to yellow (Salkowski). 

The epidernib lining ihe middle ear sends jirueesses 
into llie LlaveiviaD canab. The ebolecteatomatous maeees, 
containing as ihev do enormous numbers of pathogenic 
micro-oi^ani^ms, ael as an irritant on ihe surrounding 
ti^ue and set up an inflammation in the adjoining bony 
walb of the cavity, which are usually sclerotic. The 
antrum becomes enlarged by eccentric alnipliy and 
atrophy due to pressure ; large portions of tlie bone, 
embracing, for instance, ihe posterior bony wall of the 
canal, the It^nien tymjiani and antri, the cortical por- 
tion of the mastoid process, and the labyrinth (fistiilte in 
the semicircular canals), may break down (Plates 27, 28). 
When there is carious disease of the bone, es[>eciaily in 
the tympanic ossicles, abundant )M:ilypoid granulations 
are foiina. The interior of the cranium may be exposed 
to infection, and death result from meningitis, sinus 
thrombosis, or brain abscess. The skin, as it grows into 
the spaces of the middle ear, forms jTOckets which may 
be empty, or filled with layers of epithelium and detritus. 
The cholesteatitma varies from the size of a hemjt-sced 
to that of a walnut. The central nucleus usnally breaks 
down, turns brown, and emits n fetid odor. The new 
growth may lie confined to the attic and cause the osseous 
(Kirtion to break down. If the inflammation is so violent 
as to destroy the skin as soon as it enters the middle ear, 
or if the invasion occurs after the inflammation of the 
mqcous membrane, no cholesteatoma t a are formed; on 
the contrary, the morbid process is arrested, and recovery 
occurs with epitlielialixation of the tym]innic cavity, 

Courxe avrl Symptoms. — Epithelial masses lying witliin 
the middle ear do not give rise to symptoms until they 
begin to swell ; but if the attic is filled, headache, vertigo, 
and aprosexia often develop. But as stxin as the choles- 
teatomatous masses swell, after syringing, for instance, 
or as the result of sweating, pressure symptoms, such 
u headache, vertigo, vomiting, and fever develop. The 
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caiml appears (ilk'd with whitish, iridescent maases and 
numerous polypoid granulations; the tympanic mucoid 
membmne ih grayish white and covered with epithelium 
(Plate 39, 12) ; there is usually a perforation in the pos- 
t«rosupcrior <]uadrant or in Shrapnell'ti memlirane and a 
defect in the adjoiuing bone (Plate 39, II, 16), from 
which masses of epidermis or polypoid granulations 
(Plate 39, 16) project. The manuorium and the edge of 
the perforation are often adherent to the promontory. 
The purulent dischai^ is usually scanty and forms 
crusts. If the tympanic cavity is flubbed out for diag- 
nostic purposes, small fragments or shreds of choles- 
t«atom3tous material with a few oholesterin crystals that 
glitter likegoldare rcturnw! in the water. If the choles- 
teat4ima cavities are accessible, the condition may be 
cured by syringing ; sometimes the material comes away 
of its own accord. In that ca.se the cavity becomes in- 
vested with a cicatricial membrane that presents a re- 
flecting surface. But if the inflammation of -the corium 
progresses, fresh masses of cholesteatoma are formed 
which may again be expellal or remain within the cavity 
and produce fresh cerebral symptoms. 

If the posterior bony wall of the canal brcomeB de- 
stroyed, the resulting cavity closely resembles the wound 
cavity after the radical ojteration (Plates 28, 29). If the 
cholesteatoma-cavity is large and eommunicates with the 
out«>r air by a narrow passage, retention is very apt to 
occur, with cerebral symptoms, such as fever, pain, 
choked disc, and mastoiditis and periostitis, with the 
forniation of fistulte (Plate 27) ; or the suppurating 
cholesteatoma may infect the interior of the skull, either 
through some preformed channel or after the bony tissue 
that protects the interior of the skull has broken down. 

Treatment. — The invasion of skin must be guarded 
against by extracting the malleus if it is adherent, and 
freeing the edges of the perforation. Absolute alcohol 
is instilled, the tvmpanic cavity flushe<l out with a tym- 
panum tube, and jwlypi removed. If Shrapnell's mem- 
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wbnh^ or out there is a defWt in 
s pociwna of tlip attic, the middle ear is flushed 
I a tTBnaniim tube, the osst>oiiK portion uf the 
attic aciaprd with a ^rnall i^rgt curet, and insufflution of 
wrand boric arid enittlored. If there is an oj>ening to 
Ox posterior wall of tW raiial, the eliolesteiitoma may he 
nmto^ied through the raiial with syringe and force|wt, and 
a cure effected by the in^ufflatiuD of warmed air and boric 
acid. 

If the suppuration does not cease within three nioutha, 
the malleus and incus may in.' removed for the purpose 
of obtaining better awcss to the cholesteatoma cavity, and 
thin followed by irrigations with 0.5 per cent, furnialiu 
and insufflations of boric acid. If these measures fail to 
arrest tlie suppuration and the cholesteatoma resists at- 
tempts at removal with the syringe, the radical operation 
must l>e resorted to (see p. 219). The latter must be 
]»orformeil at once, anil without first resorting to other 
measures, if signs of intracranial complications develop 
or if rt'tention of pus occurs and cannot at once I>e olv- 
viatinl. If a fistula is found, it should be followed into 
the cmiiial cavity. The diseaseil membrane of epidermis 
is thoroiighlv eurett*^ away, Primarj- suture of the 
wnnnd and plastic operation after Komer; by the latter 
tntNUt.t even very lai^ cavities can be insnectetl throi^h 
lln- ("nnnl (Plate 29). The ]»eriod of oonvTuesoence \-aries 
iVimi four wtvks to several months. If the <^ning is so 
Uiv thnt a n'tro-anricuUr ojwning Iteeomc* Bec«!sarr, a 
^l^«■^^lnn' ndopicHi in ever>- rase \v <aome tnthors, in- 
olihliutf Tmumwnn, ihe attempt totrrat the wrmnd cavity 
Ihi\t4t,^i iht- i-Mr must he aliandoned. and a permaDent 
1*«luln wwvh- Ivhind the eair. This is Awe by trans- 
)vt«ntMW wwll panicles of skin into the wwind cavity 
iftlVr 'l«n>r«*'h, .t bv makii^ a srcooil jitfiiino parallel to 
AvA n lillV l¥*inil thf Srst incision thrv-wch ibe skin, 
••v( HW>(»V tK*- ^»^■» in tW center by a tnnsvY^^e 
iV *»^ th»W Sw»M are tW* int?>n4i>nrd inwdi 
\^\V\\ |Kw* *W\f aiftJ ftvua hcAow aftw the | 
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membranous wall of the meatus has been extirpated or 
divided longitudinal Iv (Schwartze). Passow's method 
may also be empUiyed if a small retro-uurieular opening 
IP desired. After a few years the retro-aiirietilar opening 
may be elused by a peeondary plastic operation. Re- 
lapses are not tiDcomniim after operations for the relief 
of cliolesteatoraa. If criifits form, they miist be removed 
at onue, and if the bone becomes diseased, it must be 
curetted or removed with a chisel. 

(c) Carles and Necrosis — Fetology and Paihology. — 
Dii4ease of the mucous membrane following acute and 
chronic otitia media, csj^ecially in the course of tubercu- 
losis, scarlet fever, measles, diabetes, aud syphilis, is 
very apt to extend to the bone, from the fact that the 
mucous membrane represents the i>eri<>Bteum of the mid- 
dle ear, and nutritive disturbances in the mucous mem- 
brane therefore produce similar nutritive disturbances in 
the bone. Another factor in the production of caries is 

Eus retention. In caries the bone becomes infiltrated 
y proliferating granulation tissue containing giant cells 
{osteoclasts} (Plates 31, 34); a few fragments of bone 
may remain in the form of sequestra. Tlie favorite sites 
for cariet* are the pneumatic and diploetic areas of the 
temporal bone, tlie mastoid process (see pp. 210-225), 
the posterior wall of the auditory canal, the t^men tym- 
pani (Plate 29), and the spongy bone surrounding the 
capsule of the labyrinth. The layer of [leriosteal muoous 
membrane in the tympanic cavity presents round-cell in- 
filtration, and the bone is perforated and eroded by 
lacunie (peripheral caries). 

The granulation tissue with which the attic is filled 
frecjuently invades the sjwngy boue in the roof of the 
tympanic cavity (Plate 20), and may slowly advance in 
the diploetic layer of the mastoid process or in the tissues 
surrounding the capsule of the labyrinth. Tlie center of 
the mastoiif process and the capsule of the Inbyrintli are 
surrounded by a wall of newly fnrmod tissue and thus 
robbed of their nutrition, while tlie caries is complicated 
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by a centra] necrosis of the mastoid cella or of the ci 
of the labyrinth (Plates 25, 26). The latter may r 
as sequestra or make their way to the auditory canal 
(Plate 24) and undei^ exfoliation. In suppuration 
within the labyrinth the semicircular canals oD the outer 
surface of the pyramid may become carious and (Plates 
25, 26) defective ; rarely necrosis of the labynuth occurs 
after embolism of the internal auditory artery. Some- 
times the proliferating mucous membrane iuvades the 
vestibule through the windowsof the labyrinth or through 
soft cartilaginous areas in the i>erfonited promontory 
(Plat* 26). The wall of the promontory or the cochlea 
alone falls a prey to the necrotic process. 

The tympanic ossicles may become carious indepen- 
dently or along with the attio and antrum (Fig. 94). 
The investing mucous membrane becomes thickened, the 
ossicles themselves infiltrated with granulation tissue 
which destroys the articular capsule (Plate 31) and pro- 
duces luxation of the ossicles, as they are held together 
only by brittle shreds of granulation tissue. The ossicles 
may be expelled by themselves like sequestra. Ijocal 
caries of the ossicles sometimes regenerates. The handle 
of the malleus may l>ecome shortened and pointed, the 
head and neck may be destroyed by suj)purative proc- 
esses within the attic, usually along witn the osseous 
portion (Plate 24). Owing to its isolated position and 
scant snpply of nutrient vessels, the incus is often de- 
stroyed by curie.-* without involvement of the other oeai- 
cle«, thus severing the connection between the malleus 
and the stapes (Plate 19). 

Thi' stapes i*' less liable to be attacked by caries; 
foot-plate, which receives part of its blood supply froiQ 
the labyrinthine side, nearly always escape.*. Carles J 
the most frequent cause of intracranial complications., 
meningitis (Plate 24), sinus thrombosis (Plate 20), braiDj 
abscesH (Plate 2.% erosion of the carotid artery (Platrf^ 
2fl). The meninges, nerves, and bloo<l-vos.iels in the 
neigliborhiMid of tlie carious bone become infiltrated with 
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mat^ses of gra it illation tissiir. Rccnvcrv may or may not 
be accompanied hv extensive destnicliim ol' Itone through 

franultttion, sometimes witli the formatiun ufhyiierostnseB. 
n acute ituppurativc prooeeses, as after M.'arlet fever, the 
miieoU)4 membrane i^ often destroyed, and neorosU of the 
mastoid process develops. The necrosis generally attaokti 
the wedge-sliiipod portion of the l»ne Selonging to the 
squama, the tympanio rine;, and the facial canal. The 
sequestrum thus formed, which is grayish-white in color 
and of norniul shape and consistency, on its outer sur- 
face (Plate 25) becomes separated from the hyi»erostoti« 
and from tlie healthy bone by granulations. 

Courne and Symptome. — Mattoidith (see pp. 210—225). 
— Caries is oflen attended by pain, especially during the 
night. The aural disc^hai^ is profuse, usually fetid, 
often reddish and siinguinolcnt, and may contain )>nne- 
sand. Fever is present. The roof and posterior wall of 
the canal frequently collapse, and tistulte are formed. 
The probe comes against rough bone or irremovable 
sequestrum. Grout care is necessary in probing the 
proraontorial wall, as the dura mater may oe exposed. 
The mucous membrane is discolored. In necrosis the 
soft parts early become involved; there is mastoid peri- 
ostitis. Rarely the pus reappears through the Jissure of 
Santorini and reaches the anterior surface of the ear, the 
entire pharynx, the parotid gland, or the arliculntiun of 
the jaw. In such cases a fistula apj^ears in front of the 
ear, or more rarely in the back of the neck. Necrosis of 
the labyrinth is often accompanied by paralysis of the 
seventh nerve (Piute 26) ; at the same time there arc 
deafness, Weber in the sound ear, vomiting, nausea, and 
tinnitus. In caries of the manubrium the latter ap- 
pears pointed (Plate .39, 7, 9, 10) ; when the druni- 
nead is completely destroye<l, a granulating stump of 
the manubrium is not infrequently found almve and in 
front. 

Isolated airies of the head of the malleus produces a 
perforation in Shrapnell's membrane directly over tlie 
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short process ; granulations are seen constantly growing 
out of the i»erforatioii (Plate 39, 15). In suppuration 
within the attic and caries of the malleus and incus the 
))Grforation is often above and somewhat in front of the 
short process; in caries of the body of the incus above 
and behind the short process (Schwartze) (Phite 39, 14). 
In caries of the long process of the incus a perforation is 
usually found in the postcrosuperior quadnnt, but not iit 
the priphery ; if the dcfc«;t is large, the pointed ex- 
tremity of the long process sometimes appears under the 
osseous portion (Plate 39, 10), or a small granulation 
may be seen in the posten»uperior portion. In caries 
of the attic fistulie and gniuuktions are found in the 
osseous portion (Plate 25, 39, 15); the hearing varies 
according to the seat of the carious process. The prog- 
nosis is always grave, on account of the danger of intra- 
cranial complications or of marasmus and amyloid de- 
genemtion of internal organs. 

Treaimf:rU. — Irrigation with 0.5 per cent, solution of 
trichlorid of iodin (Trautmann), irrigation of the tym- 
panic cavity, irrigation of the Eustachian tube with boric 
acid solution, removal of polypoid granulations ; the 
treatment is the same as in chronic otitis media. Carious 
areas near the surface should be scraped away with the 
sharp spoon (Fig. 78, 5), and the excoriated surface cov- 
ered with gauze saturated in iodol solution (Krctsch- 
raann). Seiiuestra must be extracts! after they have 
become completely loosened. Sometimes it may be nec- 
essary to crush them before extraction is possible. In 
extensive caries of the temporal Imne that cannot be 
arrested by treatment throngh the auditory eunal, or if 
signs of intracranial complications viake their npjiear- 
ance, the radical operation must be performed. In iso- 
lated caries of the malleus and incus, irrigations with the 
tympanum tube, removal of poly|)oid granulations, curett- 
mcnt of the attic with small sharp spoons, and the in- 
stillation of an alcoholic solution of corrosive sublimaM 
may l>e tried. If these do not bring about a cure witb 
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thrt« months, the tnalteus ant! Idcus must be extracted. 
Ah the hearing is usiiullv greatly re«luce<l by extrsctiou 
of these ossicleii, it tihoulil be re.siirteil to oqIv when there 
ii^ immlDcnt danger, especiulty if the other ear is deaf 
and the ear to l>c operated un possesses fairly good power 
iif hearing. If the process is not arrested by extraotion 
of the tympanic oi^sioles, there is caries of the attic and 
usually also of the antrum ; in that ease the attic must 
be exposed by separating the auricle (see p. 223), or the 
radical operation becomes necessary. In i>erforraiug the 
latter the operator may try leaving the tympanic ossicles 
so as to ubtaii^ a better auditory result, providing the 
articular connections have not been loosened. The local 
treatment must be supplemented by general treatment, 
good nutrition, preparations of iron, cod-liver oil, [>otati- 
siuni iodid, or a course of medicinsil irathing. 

(d) Diseases of the Brain and of the Blood-vessels 
(after Kamerj, — The most important sequelie of acute 
and chronic suppurations of the middle ear — rarely 
of middle-ear catarrh — are the intracranial complica- 
tioni*. Injection most frequently takes place by direct 
continuity' after the destruction of the cranial bones. 
Sometimes the pus follows preformed chaunels, ^uoh 
as nerves, blood-vessels, the fenestnfi of the labyrinth, 
defects in the bone and in the processes of the dura 
mater. The intracranial disease b^ins at the point 
where the diseased hone reaches the interior of tlie 
skull — that is to say, in the middle fossa of the skull 
after diseases of the roof of the tymjianum, in the pos- 
terior fossa of the skull after diseases of the labyrinth 
or of the posterior portion of (he mastoid procesR, In- 
fection of the interior of the skull is facilitated by pus 
retention, ostcoscleHisis, and by traumatism. To guard 
against mistaking an intercurrent disease of the brain also 
attended with cerebral symptoms, such as brain tumor, 
typhoid fever, hysteria, arteriosclerosis, etc., for a compli- 
I'jilion of aural disease, the [)ntient must be watched with 
great care and the temperature taken at frequent intervals. 



HYPEREMIA, EDEMA, ME.MXGITIfi SEROflA. 

1. Hyperemia, Edema, Meningitis Serosa. — EHulugy and 
PiUholof/i/. — IIy|KTL'iiii;i of tlic iiiiikllo wir is very apt to 
CJttend to tlie interior of the craiiiuiu by way of the vas- 
cular connections between the tymjianiim and the cranial 
cavity, especially in children. In chronic suppurations 
of the ear, in labyrinthine eiippurations, edema of the 
brain and increased secretion of the cerebrospinal fluid in 
the ventricles and in the cerebral cortex occur. The brain 
is anemic and swollen, and the transverse mnuses are empty. 

Syviptoms. — Headache, vertig«j, vomiting, loss of con- 
sciousness, rigidity of the neck, convulsions, and rapid 
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development of choked disc. The symptoms often vaiy 
in intensity ; there U no marke<] elevation of temjwratura. 
Lumbar puncture U followed by the discharge of a large, 
qimntity of clear cerebrospinal fluid — as mucb as 100 c.o 
The liquid runs out in a stream under high pressure (abovi 
1.50 mm.). The diaguosis is confirmed by recovery. 

Treatment. — Lumbar puncture, which may have to bi 
rpi)eated several times. Radical operation with exposun 
and incision of the dura, and, if necessary, draining of 
the ventricle. Lumbar puncture after Quincke is pei* 
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fiirnietl Ijetween tlio thinl and JViurtli lumbar vertfbree, 
tlie ualk'iit oocupving the lateral positiou (Fig, 96j, The 
Dcetlle is inserU-a an inch outside thi' median line, lor a 
distance of from 2 to H cm., so that the point enters the 
dural sac in the modian line (Fig. 96), Auesthesia is 
usually not necessary, 

2. External and Internal Pachymeningitis. — Etiology 
niiii Pfif/iohgif. — If, as frequently hui>|H.'iis in acute anti 
chrouit! suppuration when there are cholesteatomata, dis- 
ease of the bone reaches the inner surface of the skull, 
the dura mater begins to proliferate (Plates 24, 25, 27), 
forming grayish-green suppurating granulations (Plate 
34), The pus collects be- 
tween the tegraen tympani 
and the dura, forming au 
extradural and epitympanic 
abscess, or between the bone 
and the transverse sinus, 
forming a perisinuous ab- 
scess. Deep extradural ab- 
Bcesses on the posterior sur- 
face of the petntus portion 
of the temjwrat bone are 
produced by 6stulie in the 
posterior wall of the an- 
trum or by caries of the 
posterior semicircular canal 
and mucous membrane of 
the endolymphatic sac 
Rarely the pus may empty 
itself into the ear through 
defects in the bone or ajv 
pear on the squama. More 
Fra. 98. — Noodle for perfonning coinmonlvafistula isformed 
laiub.rpuuctur8(.fUrKryuiB). [„ [|,^. ^'^^ ^„j ^f^^,^ ^^^^ 

latter has become adherent 
to the pia and arachnoid, the pus is conductei] into the 
brain, where it produces a brain abscess. The sinua 
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very frequ^atly becomes involved. In ukibI cases ttiu 
iuner surtii<!e of the dura also becomes tliickeDed and 
disculorcd (iiiternul pachymeuingitis). It' the pus gets 
tliruugh tlie diim mater and au adheiiioii U ibrmed 
around the site of ruptiiit;, a circumscribed, or it' no 
adhesion has taken place a diETuse, leptomeningitis re- 
sults. 

ib'yHip/oHi*. — Either there are no symptoms at all or 
tbere are pressure symptoms, such as headache, particu- 
larly at night, vomiting and stupor, with fever, retarda- 
tion of tlie pulse-rate down tu 50 or 60, optic neuritis, 
and nystaeraiis. An extradural abscess in the fossa of 
the cerebellum manifests itself by rigidity of the neck ; 
extradural abscess in the middle foAsa of the skull pro- 
duces cn>ssed paresis and disturbances of sensation. As 
a rule, a copious otorrhea persists in spite of free open- 
ing of the bone. With Siegle's speculum pus cuu some- 
times be aspirated from the interior of the skull. Swell- 
ing behind and above the mastoid process is sometimes 
noted. Caput obstipum (wrj'-neck) is present. If, after 
a radical o{>eration lias been performed, meningeal symp- 
toms persist, pachymeningitis may l>e suspected. 

Ti'fafment. — After performance of the radical operation, 
exjjosure of the tegmen tympani with the rongeur forceps 
or the chisel (Plate 29) and exposure of the dura nmter 
of the posterior and middle fossa of the skull may be 
necessary. In deep extradural abscesses the post«ro- 
sujKTior edge of the pyramid must l>e removed ; in sup- 
puration of the labyrinth the vestibule must be opened 
(Ja,.«n). 

3. Pnmlent Leptomflningitis, — External rupture of a 
brain abscess, internal rupture of an extradural abscess, 
or Hinns thrombosis is often followed by infection of the 
pia and arachnoid (Plate 24} ; more rarely it occnrs inde- 
pendently in chninic suppurations (cholesteatoma) if the 
dura has been exposed l>y tiic disease in tlie Ixine (Plate 
2<i). The pia-arachnoid iiecomes infiltrated with pus, 
and the subarachnoidal sjiaee filled with closely packed 
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piis-ciirpiisoles (Piute 34); rarely ndlieHious form, 
ibu mcniiigittr) reiiiaina localized ; mom IrLtjiionl , 
spreads along the liluod-veeeels to the hai^G aud ouiivei 
burfaee of the hrain. The cerebral eortex beoomes die 
colored. Infectiun is rarely conveyed to the cranii 
cavity by preformed cliaiiiiel>', siicli as the laltyrtiith, tlifl 
aqueduciN, the iiitemal aiuUton' meatus, and dc-fects ia 
the t«gmea tympani. The jnfectioii of the inL-ningcs il 
fketlitated by pus reteotJon. 1 

thurite and Sifmptoms, — The onset may I>e insidious ol 
sudden, with violent heiidaehe, chills, and fev^-r; sttm^ 
timey the temperature is variable and mav be subnonnoH 
The iwin U increased by preying on the liead and on tiu 
vertebral column. At feral there are irritative symptoma 
such aa vertigo, vomiting, stupor, delirium, convulsions 
constipation, insomnia, rigidity of the muscles of th< 
neck, ciilaneous and mupcuhir hyperesthesia (increased 
reftexrii), conlraciion of the pupils, slUM;ish or abeenj 
reaction uf the pupils, and retraction of the al>doiueik 
Idter the paralytic tiymptums develop : choked disc, unJ 
equal and dilated pnpds, pto»a, conjugate dcviatiooj 
triamtis, nystagmus, retardation of the pwlse-rate yritU 
elevation of tem|>erature, hemiplegia, iacial paralydH 
unilateral paralysis, paralysis of the bladder and recttinu 
and Keruig'^ symptom, consisting in inability to extend 
the knees in the sitting posture. In infants the fontanel 
is distended. Death comes on suddenly with coma aira 
Cheyne-Stokes respiration, or the disease rnns a tedioiu 
course with remissions. The disease is distingiiishel 
from epidemic meningitis by the existence of an epiJ 
demic, rigidity of the muscles of the neck, and opisthoti 
onos. Lumbar puncture usually yields an opaIc?»cen| 
or opaque albuminous fluid containing many cells, aadj 
sometimes streptococci and floecular coagula. In exten 
sivc meningitis without adhesions a purulent fluid will 
or without bacteria is obtained. 

Treafmeiil. — Radical operation as soon as the first mei 
ingitic symptoms due to the retention of pus make theii 
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appearance. In (;in-umscribed meningitlf) the dura is ex- 
pwied and inciaed ; in extensive meningitis the treatment 
is symptom atii;. Ice-bag, warm balli!^, inuTietions with 
CredC's ointment (silver)— 2 grams {.'iO grains) twice a 
day. 

4. Tabercolai Heninsitis and Cerebral Tubercolosla. — 
In tubercular caries of the temporal bone the process 
spreads directly to the meninges, or the brain becomes 
infected by way of the blood-vessels (cerebral tnbercn- 
loeis). Hematogenous infection of the brain and ita 
meninges may occnr without preexisting tuben^ulosis of 
the ear. The cerebrospinal fluid obtained by lumbar 
puncture is clear and contains many leukocytes and the 
tubercle bacilli. Kernig's symptom is absent (Netter), 

6. Brain Abseeaa. — Etiology and Patholoffy. — Usually 
follows chronic suppuration or cholesteatoma ; rarely oc- 
curs in acute otitis media. In rare instances the brain 
becomes infectwl Iwjfore perforation of the drumhciid 
occurs. As a rnle, the bone is diseased as fur as the 
dura (Plates 25, 27). Afler the dura has become ad- 
herent to the piii-untchnoid and to the brain, a ftstnla 
is formed communicating directly with the abscess, or 
the abscess may be separated from the brain by nor- 
mal brain substance, but it is never far removed from 
the diseased bone. If there is healthy brain tissue inters 
vening lietween the abscess and the bone, the infection 
has takeu place through the ptal nnd lymphatic vessels 
or through small veins in the tempoml bone (vena? aqiice- 
dnetns cochlete, vena vestibuli, venii aiiditorii interna) 
(Piute 11), In rare instances the pus enters through 
deficiencies in the bone (Plate 25) or along a dnral 
pnf-'ess. 

The most frequent seat of brain abscess is in the tem- 
poral lobe, next to that in the cerebelUim. As a rule, 
but one alMjcess is present ; it is surrounded by a capsule 
and varies in size from that of a wnlnnt to that of an egg. 
It is oftener found on the right than on the left side. 
The pus is UBiially putrid, the surrounding brain tissue 
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is softened, ami the convolutions an.- obliterated bv the 
dropsy of the vt'ntricIeB. Octmeionally tbt- abscess rup- 
tures exttTnallj- and discliargts through the ear. Death 
IB UHually due to meniugitis, rupture into the veotricle, 
or cerebral pressure. 

Sifmplonti. — The abscess is often Iat«nt ; sometimes it 
reveals itself at first by headache, vomiting, fever, and 
again becomes latent, the headache diminishes, there is 
Bome psychic depression, and the temperature Ixicomes 
subfebrile or even subnormal. The latent period mar 
last two years. Suddenly, sometimes after traumatism 
(trephining), the active stage sets in with general and 
local symptoms (von Bergmaun). 

i. Sifmptomn of SHjipurathii. — Iiow fever, chilU, lassi- 
tude, loss of appetite, fetid odor from the ear, and ten- 
derness at the postero-inferior angle of the parietal ' 
on percussion. 

S. General Pleasure Symptomn. — Headache, nam 
vomiting, vertigo towanl the disease*! side, depressii 
delirium, lethargy, general or crossed convulsions, usually 
attended with loss of consciousness ; rarely gradually de- 
veloping choked disc, ninrc frequently bilateral opdo 
nenntis, retardation of the pulse-rate down to 40, ex.'" 
geratcd patellar reflexes, aua conjugate deviation. 

3. Focal ittfinpiovta vary with the seat of the le«iui] 
of that part of the brain which is affected (Plate 97). 
lesion of the third frontal convolution on the left sii 
motor aphasia ; of the second frontal convolution on 
lefl side, agraphia and alexia ; in lesions of the first tei 
poral convolution on the left side word-deafness, oi 
deafness, and anosmia ; of the occipital lobe, optic aphasia 
and hemiopia. When the lesion is situated around the 
fissure of Rolando, epileptiform convulsions and 
paralysis of the extremities and facial 
lesions of the internal capsule, hemianestliesia, 
hemiplegia, crossed facial paralvsis, convulsions, ai 
hemiopia ; in lesions of the cms, liemiplegia and 
oculomotor paralysis. In lesion of the pons, 
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hi'iniplogia, crossed or bilateral facial imlsy ; in IdHiotis 
of the jieiluucleH of tin? cerebellum, foreea movements 
and forced posilioii ; in It'sion^^ of the cercbelliim, ataxia, 
vertigo, staggering gait, nystagmus, emaeiulion, rigidity 




Fio. 07.— Outer natface oflhe brain, showing the moet Important weM 
that give rise Ui fucul Kyiiintuuis (afti-r Ziehen. Struiiiiielll : The rijpj -* 
<nitU«l«aera»«(.- ». ctiilial fluurc; b. sut)orlur frouUI Ilnsiirc: c. froiiUl 
lobe ; d, Inferior frontal Hasare: <. cen>W)liiiii : /. >i'i'ii[i<l ti miiorul Qaanre; 

6, occipital lubr ; A, flrsC temporal fissure , i. t> min'i^il l^ibr : L, fluura of 
rlfini; (, parietal lobo; 1, ■+ monopltjii:. i--.' ■ ^ l' ■ u [iK-Kis tmin); 

3, + monoplepia (mouth); 4, + dioiio]iU-(:i,l i<>ii^iii . tiMll'lli iierv«) ; 6, 
motor aphula; (I. + a)(niphia; 7, + ageii-m; '. niin-iiiiri; fl, ■enioty 
■pliaitia iwoni-di.'afnemi; 10, + heraianeBthnsiu (muwli> iwiiw) ; II, con- 
jaitato deviation ; 12, + ptoaiit ; 13, alexia; 14, hi-niiannpsia (biUtoral); 
m, staggpriuK gait, vertigo, farv«l tnavcincuta; III, -t deafnea. 

of tiie muBcIes of the nenk. Direct prewmre on the 
Ihi^ of the brain and internal auditory inentus may 
produce |«iralysis of the sevenlh, sixth, nttd third nerves 
and trifacial neiiralj;ia. Death reHiilts after coma and 
Cheyne-Stokea respiration. Kuptui-e into a ventricle 
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muuifeste itself by chills, mpi<l [miIsc, Ittsi* i>f rea<;tioa 
the pupib, und eunm, and t«rminate» latally within 
huara. The presence of an abscess in tlie ct.'r(4)nua 
suggested by disease of the tegiuen tympuni (Plate 
focal symuttinis, paralysis of the third iiervc' on the sal 
side, and hcmicraiiia at the vertex. Cerel>ellur dit«>u9e 
indicated by suppnration in the sigmoid fossa, 
posterior surface of the petrous portion of the temp 
bone, by rigidity of the neck, vertigo, suppuration in 
labyrinth (Weber in the healthy ear), general couvuUii 
and occipital headache. Brain tumor usually gives 
to choked disc ; brain abscess, to optic neuritis, 
meningitis more of the cranial nerves are involved, ai 
the onset b sudden, with high fever. In brain abscess 
that has not ruptured into a ventricle, as in brain tumors, 
the lumbar fluid is usually clear, contaiua few leukocy 
little albumin, and no micro-organisms. 

Treatment. — The diagnosis, unfortunately, cannot 
ways be made, but once it is settled, the only hope 
in o|>eration. After performing the radical operation 
fistuliB that are found are laid opi'n, and the roof of 
auditory canal, the lower portion of the squama, and 
tegmen tympani {Plates 10, 29) are removed. The dura 
mnter is freely exposed. It may appear normal or |»er- 
forated by fistnlie. In abscessi, puliation is usually al>8ent. 
The dnm is divided, and if no pus is seen, incisions nIi 
3 cm, in depth are raatie in the lower surface of the tei 
ptiral lobe, carrying the knife outward and upward, 
this fails to liberate pus, puncture may be tried in vnrioi..^ 
places. The temporal lobe may also Ite reached through 
the squama, after von Bei^mann, and by this means infec- 
tion of the healthy brain by \vay of the middle ear avoided. 
To open the cerebellar abscess the cavity formed in 
bone in doing the radical operation is enlargwl postei 
the sinus exposed (Plates 10, 29), and the knife introdm 
into the cerebellum in the angle Iwtween the descend: 
and horizontal portionsof the sinus. Another method 
in trephining the occipital bone 5 em. (2 in.) behii 
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the fold of the oar, disregarding the opening made by the 
radical o^ieratiuii. If pus is liberated, the wound in the 
brain is enlarged with forceps, drained with io(h>fomi 
gauze, and a large dressing applied. If the operation is 
auccessiul, it is often followeu by recovery. 

6. Slniu ThromboBiH and Fyeinia. — Efiotogy and Patkol- 
ogij. — Infection iif iheeiniis \n often due to breaking down 
of the bone in clironic suppunition, or to a cholesteatoma 
in immediate contact with the wall of tiie Minus (Plates 
2(>, 27). The granulation tissue after breaking through 
the bone continues to grow into the thickened wall of the 
sinus (Plate 34), the latter becomes the seat of rotmd-cell 
infiltration, breaks down in places, and the endothelium 
is destroyed. Au exiradural abscess frequently exists at 
the same time. Tlie diseased jwrtiou of the wall bc<x>mes 
the seat of a parietal, and later of an obstructing, throm- 
bus ; in rare cases recovery may lake place by absorption 
and oblitemtion of tlie thrombus with connective tissue. 
In the majority of cases the thrombus becomes infected 
with streptococci from the bone decay (Plate 30V and the 
pus- producing oi^nisms are cjirried by metastasis to other 
portions of the bixlv, with a resulting pyemia. 

In rare cases infection follows deficiencies of the bone 
over the bulb of the jugular vein, or is carried to the sinus 
by-the continuations of email bhwHl-vessels in the bone 
that have become thrombosed. Usually the upper knee 
of the transverse sinus, more rarely the |x'tro8ai sinuses 
and the cavernous sinus, become occluded by thrombi. 
The di^ased wall of tlie sinus granulates and appears 
thickene<l and discolored (Phite 2(!). The neigh{>oring 
pia and cerebral cortex are also discolored : rupture of 
the Willi of the sinus is followixl by meningitis, brain ab- 
scess, and rarelv by hemorrhage. The thrombus may be 
continueil from tlie transverse sinus to the transverse 
sinus of the other side (Plate 11, Fig. 4), or upward into 
the longitudinal einiis; or forward into the superior and 
inferior petrosal sinus, into the cavernous sinus, the oph- 
thalmiu vein, and through the circular sinus to the ottier 
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Bwlf, UKuallv downward into the bulb and j 

Hae facial vem, or the vena cava ; Epmetimes Dackward, 

through the mastoid vein, into the occipital vein. The 

Xniph -glands mirrounding the vena cava sometimes break 
)wn and fiimi abwcesses. The infected tlirombus is iisii- ^ 
ally joiued both above and below by a non-infeeted c 
8tructing thrombus. The pyemia may last from one t rij 
several weeks. Death results from metastasis or fro 
meningitis, brain abscess, and paralysis of the pneumo* 
gastric. 

Symjiloms. — Either an abtsenee of symptoms or h« 
ache, vomiting, dysphagia, optic ueuiitis, ctioked disc, am 
nyslflgmiis, one or all, may W prewnt. The conscious^ 
ness is usually clear; there may be high remittent fe\"eiir 
with chills ; the temperature rises to 41° C (105,8" F.)^ 
during the eliill and falls to or below normal with t" 
flweat. There are jaundice, diarrhea, vomiting, and spleni 
enlargement; the vertebral column is not senritjve t 
pressure, but pressure alongside the column is poinfu^ 
and rotary movements of the head are impossible. ~ 
tween the attacks there is euphoria. Metastases in th^ 
lung are frequent, and produce symptoms of bronchn 
catarrh; rarely abscess occurs in the joints, J 
spleen, kidney, and liver. 

Symptoms of passive congestion dejx'nd on the i 
and extent of the thrombus. Edema, pain, and swellinj 
alonij; the posterior border of the mastoid process o 
in thrombosis of the mastoid vein (Griesinger). Some^J 
times the external jugular vein on the diseased side \ 
smaller than on the sound side, because the resistance i 
the collapsed internal jugular vein is diminished, 
the other hand, the external jugular vein is lai^r o 
diseased than on the sound si<le, when its opening into d 
internal jugular vein isoccluded by a thrombus (Gerhs 
The thrombosed jugular vein is distinctly palpable aloi 
the neck as a [ininful cord. The head is inclined towa] 
the diseased side. In tlirombosis of the facial vein t! 
ifi edema of the face ; in thrombosis of the cavi 
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sinus, edema of the lids, exophthalmos, trifacial neural- 
gia in the brow and eye, and paralysis of the oculomotor, 
cochlear, and abdncens nerves. Thrombosis of the bulb 
of the jugular vein (Plate 5) manifests itself by paralysis 
of the pneumogastric (hoarseness, dyspnea, retardation of 
the pulse-rate), of the spinal acuessory nerve (spasm of the 
trajHtzius and sternocleidom Histoid muscles), and the glosso- 
pharyngeal nerve (paralysis of the pharynx). The differ- 
ential diagnosis from meningitis is based on obtaining a 
clear fluid, free from micro-organisms, by lumltar punc- 
ture (Leutert). If the mouth of the stethoscope is pressed 
against the normal jugular vein to the inner side of the 
sternoclcidoma.stotd muscle, a continuous murmur is heard, 
which is absent in thrombosis (Voss). If fever above 39° 
C. (102.2° F.) persists for several days, with free discbaise 
of pus, and meningitis can be excluded, disease uf the 
sinus should be suupected (Leutert). The differential 
diagnosis from malaria and typhoid fever restj^ on exam- 
ination of the blood (Brieger). 

Treotment. — Operative intervention as early as possible. 
In acut« suppurations, where sinus thrombosis is suspected, 
expH)se the sinus and await results. If the fever continuea 
for three days or a chili again develops, the sinus must be 
laid open. After the radical operation the sinus is exposed 
by enlarging the wound cavity posteriorly. Normally the 
sinus ia bluish-red in color ; iu thrombosis it is of a green- 
ish color and unyielding on palpation. Pulsation (trans- 
mitted brain pulsation) and the presence or absence of 
respiratory changes in volume cannot be utilised in dii^ 
nosing thromliosis. In exploratory puncture with Pravaz^s 
syringe no blood is ohtainefl if the site of the puncture ia 
thrombosed, pus if the thrombus is broken down, and 
normal blniMl when there is a peripheral thrombosis or no 
thrombosis at at! at the site of puncture. If a thrombosis 
isfoiiud, the wall of the sinus above and below the obst mo- 
tion is laid open until the solid, brownisli-red thrombus 
comes into view or until a slight hemorrhage occurs. The 
infected thrombus ia scrajxHl away, and the diseased wall 
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of the siuiis exci»e<l. If there ix no solid thromhits be- 
tween the wound and the jugular vein, the lattt^r must b 
ligabnl in two plawe (^alMne and below the month of 
ounimon facial vein, wliich is also Itgated) (Fig. 98), 
necessary, the di.seaBed portions of the vein must 1 
excised. In plilehitis of the jugular vein, ihrombot. 
of the hnlli, and when marked re^piratoiy collapi 




FlO. 98.— Exposing tho l-uiuiu 
Bnrdelebeu) : I, iDtciu:!) juguin 
Ufti carotid arU'ty and beiiiDniili 

g bmtifh of thi* hypoglo 



<ii or iiiUnml jUKUlttr vein (partly a] 
vein : 2. coiumuu fadal vi ' " 
of auperior thyroid artcrj 

" omoliyoii oiuacle; 6, « 



oluldomastaid ; T, cricoid cartilage; 8. « 

is observed in the sinus, the vein must Ijc ligated before 
tho sinus is opened. Hemorrhsige from the sinus ii 
oontrolled by peeking with iodoform gauze. After th« 1 
rinuB has been opned it is dusted with iodoform powder 
and packed with iodoform gauze, and a dressing applied. 
Recovery is probable. If fever returns after the opera- 
tion, the sinus must be again exposed after ligating the J 
jugular vein, and an injection of streptococcus seruial 
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(Mapraorek) may be tried ; quinin 0.5 gm, (8 graiDHJ 
four tioitis a day, and inuDctioim with Credo's nintmetil. 

7. OBteopUebitdsFTemia(KonieT). — Eliolot/i/and Patliol- 
offi/. — liarely pyemia develops without thrombosis from 
infection of the sinus by the small bone — veins which 
empty into it; more frequently in acute suppurative con- 
ditions. The occurrence of pyemia without thrombosis is 
denied by some authors. 

Course ami Sympfonm. — Fever, chills, metastatic ab- 
scesses, usually in the joints, muscles, and liver, because 
the micro-organisms are not imbedded in thrombi and 
are not arrested in the pulmonary circulation. Often 
terminates favorably. 

Trcnimi-nl. — Radical operation, and, if necessary, ex- 
posure of the ainus. 

8. Septic Difleaaes. — Etiology and Pathology. — Rapidly 
fatal sepsis in acute and chronic suppurations of the 
middle ear, with or without suppuration of the sinua. 

Symplomg. — High continuous fever without chills or 
metastasis, somnolence, delirium, cutaneous eruptions, 
hemorrhages in the nitiscles and in the retina, endocar- 
ditis, and marked glandular enlargement. Sometimes 
the mufieieri become greatly swollen and the seat of 
homorrhiitiow (diTniatuiiiyositiK), 

9. Hemorrhage and Thrombosis of the Carotid Artery. — 
Etiology iiii't I'ldholiu/y. — Kxtenwivo oiries of i lie lciu]>nral 
bone, occurring usually in the course of tulwreuloais, may 
extend to the carotid canal, jiarticularly to the vertiont i 
jmrtirn (Plate 26). The adjacent wall of the carotid J 
artery becomes in^ltrated witn granulations, suppurates, 
and a fistula is formed which leads to fnlal hemorrhage. ] 
In nire cases the artery becomes ihrombortcd before rujv- I 
ture occurs. I 

Hym/ilomi'. — Profuic, bright red, often pulsating heiB- J 
orrliage from the ear and through the Kustaehian tiibe into ] 
the mouth. The anemia is nipidly followed bv collapse ] 
and death. Sometimes there an' several attaclcH, which 
may have been preceded by venous hemorrhage from the j 
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carotid veins (Pliitp 5) (Bloch). Thrombosis of the c 

artery is followed by embolism of the brain, es|>ecially in 
the Te^oa of the fossa of Sylvius, 

Treatment, — In arterial hemorrhage conipresHion of the 
commoD carotid artery ; ligation of the common carotid 
and tamponade are often futile on account of the rapid 
development of collateral circulation. 

The carotid artery and bulb of the jugular vein some- 
times become displaced forward into the tympanic cavity 
(Plate 17 ; 38, 3), and there is then danger of wounding 
them in performing paracentesis. Hemorrhage from the 
bulb may be controlled by uacking with iodoform S^'^'^H^H 
To prevent infection, a heaa-bandagc should be applied|^^| 

II. Pathology asu Treatment of the Souni>-^^| 

Pehception Appahatus. 
Disease of the sound -perception appsiratus is more often 
secondary than primary. The nervous apparatus of hear- 
ing is exposed to injury by the formation of catarrhal ad- 
hesions, ankylosis of the stapes, suppurative otitis media, 
through its nerves and vessels or through tlie formation 
of fistiilm. The seventh nerve and its centers frequently 
become involved in traumatism, in diseases of the cen- 
tral nervous system, in intoxications, and in constitn- 
tional and infectious diseases. Whether the peripheral 
or the central portion of the nervous apparatus is injured 
can usually not be decided unless other cerebral symp- 
toms arc present. As a rule, the most exact diagnosis 
that can he made is nervous deafness. In such a case, 
if the drumhead is normal, there will be, in addition to 
the impairment of hearing, positive Rinne, Weber in the 
healthy ear or in the better ear of the two, Schwabach 
shortened, (Jell6 positive, aud reduction of the upper 
tone limit. Sometimes there will be gaps in the scale, 
or paracusis. As nervous deafness is very often asso- 
ciated with disease of the middle ear, the result of the 
fnnctionnl examination varies, depending on which por- 
tion of the ear is most profoundly involved. 
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(a) Disturbances of Circulation. — l. Hyperemia.' 
— Hy|)eremia of the labyrinth occurs in wrcbml cnn- 
gcstion, in at'iite and chronic otitis media, es^tecially in 
the course ui' the infectious disease, tifiter the ingestion of 
qninin nml the salicylates and in hysteric neurosis of the 
liympathetic nerve. The auditory centers become irri- 
tated by the cerebral hyperemia, and there may be itashes 
before the eves. Anatomically, extravasation of blood is 
sometimes ibund in the labyrinth, and in cases of long 
duration, small concealed infiltration, thickening, and 
dejKisition of pigment. 

Sjfinptoim. — \ ertigo, transient deafness, nausea, vom- 
iting, redness of the face, ears, andit<>ry meatus, and 
handle of the malleus, and tinnitus auriuni. 

Treutment. — Blood-letting, cold sponging, hot foot- 
baths, cold compresses, mustard poultices to the nape of 
the neck. Alcohol, tobacco, and hot lieverages must be 
interdicted. Potassium bromid should be given inter- 
nally. 

2. Anemia of the labsristh occurs after rapid hemor- 
rhage, narrowing of the lumen, or embolism of the in- 
ternal auditory nientus, tumors at the base of the skull, 
or emboli in caisson workers, 

HymptomM. — The same as in hyperemia of the labyrinth j 
the far* is often pale. 

Treatmml. — General treatment. Alcohol, nitn^lycerin 
(1 to 5 drops of a 1 i»er cent, oily solution) internally, in- 
halations of amyl nitrite, horizontal {>osition, counterirri- 
tation behind the cars by nibbing with alcohol. 

3. Hemoirbage. — Slight extravasations of blood into 
the labyrinth occur in rapiflly developing hyperemia, in 
acute otitis media, whooping-cough, anemia, nephritis, 
and dial)ctefi. More considerable hemorrhages in trau- 
matism, explosions, meningitis, caries, and in caisson 
workers (Plate 37), The hemorrhages are found in ' 
Rosenthal's canal, between the layers of the osscoufl 
spiral lamina in the semirirrular canals, the maculte { 
acusticte, and in the cochlea, especially in the scala tym- 
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pani and in the inmk of the auiUtory nerve. In a recent | 
case recnverv ljy absorption of the l>lood i^ poe^^lble. In 
tnanr cases the lieinorrfaage is fulluwed bv inflammatory 
reaction, with atrupliy of the auditor}' epithetiiim, new 
formation of eonnective tissue, and the deposition of i 
pigment. | 

Sipitptomji. — Siiddenlv developing partial or total des^ 
ness, with tinnitus, vertigo, nuiisea, and vomiting. I 

TrraimaU. — (ieuenil treatment, rest in be<l, ice conwf 

Sresses, blood-letting; internally, potassium iodid ; hypo! 
ermically, pilocarpin, \ 

4. Htini&:«'8 Disease. Kortnis Apoplectifoimis Mtni6i«4 
(Luce). — Etioiog'f and Patholoff y.—Artite exudation andf 
hemorrhage at the ncrvt-ending< of the iuiditorv nerves,! 
occurring usually without demnu^irahk' cause in previ-T 
ously healthy individuals. Sometimes caused by ova 
exertion in the heat of Mimmer, in eaissoUH, and whe 
there is insufficient ventilation of the Eustaehian tube. 

•Si/mjjtoim and Courite. — Without any prodromal P}'mp> 
tomit the patient suddenly collapses, the face becinnd 
pallid and covered with a copious perspiration, and br 
remains unconticious for a short time. Usually there iu^ 
bilateral deafness, with vertigo, vomiting, and loss of! 
equilibrium, the patient falling toward the diseased side. 
Sometimes the onset is not attended by disturbances o* 
consciousness. The attack may last a few minutes < 
for a day ; it may occur only onee, or recur after dayi 
or months. The apj>eBraneos in the ear are usually not 
mal ; sometimes there is a t^mnll extravasation of hlo( 
in the auditory meatus and retinal hemorrhage. Rim 
is positive if the tuning-fork can be heard at all ; bone* 
conduction is absent. None of the other cranial or doi** 
aal nerves are paralyzed. The nausea disappears befonl 
the vertigo, but the latter also disappears entirely itM 
there is no new attack, while the deafness usually i 
mains. 

TrentvieM. — Rest in l>ed in the dorsal position, wit| 
the head slightly raised. For the first week i|uiuia, O.lJ 
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to 0.3 gm. three times n day, then potassitim lodid, 0.5 
to 1 gm, a (lay, beginning with the lliinl week, hyjH)- 
dermic injectionrt of pilouirpin (0.01 gin.) every day or 
every other day, to be repeated at least twelve timen, 
and given on an empty stomacii while the patient is id 
bed. Pilocarpin is oontraindieated in cardiac and pidmo- 
iiary diwase. The sweating and salivation appear within 
from five In forty-five minutes, and last about two houra, 
ditpine which time the patient should remain in bed. 
If pilocarinn is contraindicuted, the patient should be 
sweated with hot baths and hot jHicks, and be given hot 
camomile lea to drink. Pilocarpin may also be injected 
into the tube every other day for four weeks. Inunc- 
tions of iodin ointment shotdd be made to the mastoid 
process. Cold compresaes and cold sponging, laxatives 
(calomel), and potassium iodid internally are indicated. 
Mfini^rc's symptom -com pi ex also occurs in disease of 
the middle ear, but in such cases there is always a hi^ 
tory of deafness, and some altenitions are found in the 
drumhead. Finally, it may occur in disea-^; of the bntln, 
meningi(is(Plate37),Hud cerebellar tumors, usually asao- 
eiatetl with other nervous phenomena. 

(b) Otitis Interna-— 1. Acnte otitis latorna (Volto- 
linl). — In rare cases acute purulent ostitis and endoBtitis^ 
with formation of connective and bony tissue in the coch- 
lea, and defjeneration of C'orti's oi^n and the cochlear 
nerve, without meningitis, occurs. The symptom -complex 
resembles that observed in an aliortive case of mcningitJs. 
The purulent discharge from the labyrinth may make its 
way into the tympanum through the membranes of the 
fenestra, and set up a secondar)- otitis media (Politzer, 
Baginsky). In children bitatenil deafness, loss of equi- 
librium, and vertieo usually develop, with headache, 
rigidity of the ueck, vomiting, convulsions, and fever. 
The deafness usually remains after the meningitic phe- 
nomena and vertigo have subsided. 

2. Leukflmic Otitii Interna. — The hearing is affected in 
about lU per cent, of all cases of leukemia. The middle 
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ear » practkallj alwsre attacked primarilr. Leukemtc 
ezixUtioo aod Ivmjtluiitc infiltratioo, with hemorrhages 
iDto the walk and ca\-itie> n( the rnvmbrauoos L^vrintfa, 
develop, followed hy inflanimatOTT mction, e-ndiiig in the 
formation of new connective and bonv tissue (Plate 37). 
The symptoms coni'Lii in T-uJdcn deafness, vertigo, nauaea, 
tinnitus aiiriam, a^iwciatMl sometimes with paralvsis of 
the seventh nerve and M^ni^re's svmplom-complex. 

3. Othia Intenta Parotitica. — Id muni|is the infection 
may be carried by metastasis to the labyrinth and to the 
central or^ns, which ultiouitelv destroy their function. 
(Infection of the middle ear through theGIaserian fissure 
has also been observed in mumps.) The s\'mptoras are 
sudden deafness on one or both sides, witbout marked 
vertigo and without fever. The deafness is confined to 
one ear. Improvement sometimes follows the use of 
potassium iodid internally. 

i. SrphilitiG Otitia Intflma. — Pathologif anti Trentvtcnt. 
— In the hereditary form syphilis of the labyritith, \yitb 
or without disease of the middle ear, occurs toward 
the end of the second or beginning of the third stage, 
sometimes after many years, and as the sole sjTnptora of 
luetic infection. Exudation into the labyrinth takes place, 
followed by the formation of new connective and Iwnv 
tissue. In addition, the blood-vessels become diseased, 
the perioflteuni of the internal meatus and around the 
fenestra vestibuli undergoes thickening and leads to 
ankylosis of the stni>es, the ganglion cells in Rosen- 
thal's canal undergo granular degeneration, and the 
fil>ere of the auditory nerve between the layers of the 
osseous spiral lamina atrophy {Plate 37). In hereditary 
syphilis hemorrhage and suppuration m the labyrintH, 
often aesociateil with otitis media and adhesions, the 
remains of catarrhal conditions, are observed in about 
one-third of all cases. 

Si/mptomit. — Almost total deafness develops, usually in 
both oars, aci'ompanied by marked tinnitus and often ver- 
tigo. The drumhead and Eustachian tube are Donnal. 
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Tlie deafness usually develoiB very abruptly; it is uufa- 
vorably afi'eeted by concussion, Rinne positive, Weber 
in the better ear, Schwabach shortenwl, and reduction of 
the Hi)per tone limit. Deafness occurring in youth with- 
out (fisease of the middle ear should always arouse a 
suspicion of syphilis. In hereditary syphilis tlie diag- 
nosis is supported by the presence of corneal opacities 
and notched incisors (Hutchinson's teeth). Hereditary 
deafness is usually incurable ; acquired deafness of short 
duration in the absence of adhesions may often be cured. 

Trfuiviml. — Constitutional treatment by inunctions and 
the administration of potassium iodid. The ear should 
be protected against noiws with the antiphone. Yiy\)0- 
derniic injections nf pilm-jirpin. If there iw calnrrh of 
the middle ear, ii r-binild ruivivr local In-atment. 

5. Secondflry inflammatioiiB of the labyrinth are caused 
by the disease of the middle ear or of the brain and its 
membranes. Disease of tlie labyrinth is rarely caused 
by acute catarrh, mure frequently by adhesions or anky- 
losis of the stapes, and most frequently of all by suppn- 
rntivc otitis media, espetiially in the course of an infec- 
tious disease (Plate 37). Intracranial pressure may cause 
auditory dlsturbann's by raising the pressure within the 
labyrinth. lu simple inflammations without suppuration, 
with synintoma of nervous d<afness, the ganglion cells in 
Uosenthal's canal and the nerve-fibers which they emit, 
particularly in the first turn of the cochlea, arc to be 
found shrunken and atrophied (Plate .17), while a puru- 
lent inflammation of the labyrinth usually produces an 
active growth of connective tissue and oblitcralinn of the 
membranous labyrinth. The nerve-endings, the organs of 
Corti, the membranes of Reissner and C'orti, and Riisen- 
thal's ganglion become infiltrated with pus and partly 
destroyed; ultimately the nerve-endings and nerve-tib^rs 
degenerate, the epithelium pn>liferatefl, pigment is depoa- 
iled, and the hemorrhages undergo organization, nHlh the 
prmluclion of connective and bony ti.ssue. If the altera 
alions have not been formed, regeneration is poseible. 
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From the labyrinth the pus may find its way ii 
iDternal meala-? ( Plate 2t)i and the uiiiuedactus oochlen, 
and, after breuking diroiigh llie endolymphatic sac, to 
the brain itself. 

From the middle ear pus reaches the labyrimh throiigb 
vascular and nervous channels through the wiodows of 
the vestibule, or through fistul*e in the wall of the ptnm-.j 
ontory and of the semicircular canaU (Plate 2tj). The 
channels by which pua may be conveyed from the btaio 
to the labyrinth, as in meningitis, for instance, are the 
aquteduetus cochleie, the sheath of the seventh aud eighth 
nerves, and the blood-vessels aud connect! ve-ti^ue proo- 
eases of the dura mater. Thus in epidemic meningitis a 
suppurative otitjs media may be secondary to suppuration 
in the labyrinth. If, as happens in scarlet fever aud diph- 
theria, the middle ear and toe labyrinth are both involved,' 
at once, we s^teak of panotitis (Politzer). In children it 
manifests itJjelf by fever, vertigo, loss of conscioiisneas, 
and convulsions. After the return of consciousness the 
child is completely deaf. Later, otorrhea develops. The 
deafness is osually permanent. The treatment of pano- 
titis consists of potassium iodid internally, pilocai 
hypo<lermically, and a course of medicinal baths, 
tension of otitis media to the labyrinth is eharncteriBed ; 
by the appearance of marked subjective noises and sudden' 
impairment of the hearing, wnth vertigo, staggering &dt, 
nausea, and occipital headache. Weber in the heuth; ' 
ear, Schwabach shortened. The prognosis is bad. 

Tivatvu^iU consists of blood-letting, ice compresacB, lax- 
atives, potassium iodid and mercury internally, inuno^j 
tions of iodin ointment behind the ear, galvanization^ 
and local treatment of the middle-ear affection. If there' 
is caries, the radical operation, including opening of the 
labyrinth, becomes necessarj'. In rare cases a genuine 
meningitis may be the cause of inflammation within the 
labyrinth (in from the third to the eighth week ordurini 
. tile stage of convalescence deafness and disturlKinoe oi 
^the equilibrium snddeuly develop). Epidemic metiia- 
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gjtis is a more frequent cause; in the first or second 
week deafness and marked disturbance of equilibrium 
(waddling gait) make tbeir appeurance, associated often 
with loss of function in otlier iwrtions of the cerebrum, 
such as optic disturlxinces ana ajiliasia. The deafness 
may improve temporarily, but rarely disapjieaTX per- 
manently. In little children meningitis in a fnutful 
cause of deaf-mutism. 

Treatment. — lee-bag, potassium iodid internally, laxa- 
tives, hypodermic injections of pilocarpin, and galvaniza- 
tion. If deafness is of long standing, treatment is of no 
avail. The child should, however, be induced to talk as 
much as iHHsible, so that it may not lose the power of 
speech. When speaking to a deaf child, one should 
always articulate as distinctly as possible. To preserve 
what remains of the power of hearing, couittant exercise 
is necessary. 

(c) Diseases of the Auditory Nerve and Audi- 
tory Centers. — Hy]>eremi!i of (lie auditory nerve occurs 
in active or jwswive hyjieremia of tlio dura. Eccliymoees 
are found in the auditory nerve chiefly in fractures of 
the base of the skull and leukomia, Descendiufr neuritis 
of the auditory nerve has been described in meningitis ; 
ascending neuritis in otitis interna, with redness, purulent 
inliltration, degeneration and atrophy of the ner\-e-fiber8, 
amyloid de^neration, the de|>osition of hyaline bodice, 
which may oe normal, and lime salts in the neurilemma. 
Atrophy of the eighth nerve from obliteration of the 
basilar artery and internal auditory artery is a rare con- 
dition. In tabes the hearing is often impaired, owing 
to atrophy of the seventh nerve. Pressure palsies and 
Iflcerations of the nerve occur in otitis at the base of the 
skull (Plate 32) and when tliere are hypenistoses in the 
internal auditory meatus (syphilis). Si-condiiry atrophy 
(alr«^phy from disuwe) and fatty degeneration of the audi- 
tory nerve rarely follow catarrhal adhesive processes and 
aukvhi^is of the stapes, even when there is total deafness. 

I'lie symptoms in disease of the nerve-tniuk are the 
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Baroe ae in afiectioDs of the labyrintli : Partial ur total 
deafnetut, tinnitus, vertigo, and headRclie. The drumhead 
is usually negative (Plate 38, 2) (for the functional testa 
Bee p. 87). Treatment \s symptomatic. In central dis- 
ease fuDCtional disturbances in other rt^ioos of the uer- 
vouB system sometimes indicate the seat of the lesion. 
In central disease, such as brain tumor, there is usually 
choked disc. Bone-conduction is intact even for tlie 
watch, while in otitis iutema it is shortened or absent. 
The upper tone limit is normal in central disease, and 
reduced in otitis interna. Gaps in the scale and para- 
cusis point to peripheral disease. lu diseases of the audi- 
tory nerve the power of bearing notes in the middle 
lister is particularly affected {Gradenigo). In central 
disease, sucn as brain tumor, tlie electric irritability of 
the auditory nerve is heightened when the organ of 
bearing is intact. A central disturbance of the power 
of hearing is usually unilateral. There is often early in- 
volvement of the seventh nerve. Purulent inflamma- 
tion and softening of the floor of the fourth ventricle in 
meningitis produce paralysis of the eighth nerve, and 
usually of other nerves as well. The nuclei of the audi- 
tory nerve may be destroyed in apoplexy and encephal- 
itis. 

The effect on the hearing in cerebral affections depends 
on the seat and extent of the disease : Lesion of the in- 
ternal capsule produces crossed deafness (Fig, 97) ; acute 
and chronic hydrocephalus may produce deafness by de- 
stroying the nuclei of the auditory nerve. Apparent 
deafness is observed in pathologic processes in the first 
temporal convolution, especially on the left side; it ia 
known as sensory aphasia (word- or psychic deafness) — ■ 
that is, the power of interpreting is lost, although the 
sounds are heartl. A true central word-deafness is dis- 
tinguisheil from peripheral deafness by testing with an 
uninterrupted senes of notes. If there are gaps in the 
L scale or the duration of j»erception is prolonged and inef- 
^k&ctive, particularly between b' and g*, it may be assumed 
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that the word-deafness is caused by neri|ilieral changes in 
tlie coclilea (Liepman). When the third frontal con- 
volution on the left side has been destroyed, the patient 
can hear what is said to hioi, but is unable to repeat the 
words because the movements of the mouth necessary for 
articulation are lost (motor aphasia). In psychic deaf- 
ness, although the patient's power of hearing and under- 
standing is preserA-ed, he is unable to speak, because the 
entire mechanism of speech is iusufficiently develo|»ed. 
The condition may be cured by exercises directed toward 
the iraprtivemenl of hearing and articulation. Deaf- 
mutism is the inability to speak ^ue to deafness. Idiotic 
deafness with intact hearing depends on general idiocy. 

Ill, Injuries of the Organ of Heahinq. 

Stab-wounds and incised wounds of the pinna heal 
without deformity if kept aseptic ; contused wounds, es- 
pecially if they involve the cartilage, are usually followed 
by deformity of the pinna. The skin covering the audi- 
tory meatus may be injured by the instrument of tho 
surgeon during attempts to extract a foreign body, by 
scratching, by burns, or by cauterization. The anterior 
bonv wall of the meatus is usually included in any injury 
of tne skin ; rarely is it Involved in injury to the base of 
the skull — as, for instance, after a fall on the lower jaw. 
Stricture of the auditory meatus (Plate 1 6) can be avoided 
by asepsis during treatment, the iutrodnction of gauze 
drains, the extraction of splinters of bone, and by cauter> 
izing exuberant granulations. Hemorrhi^ is controlled 
by packing. 

The auditory canal is frequently involved along with 
the tympanic cavity and labyrinth in fmctures of the 
base of tne skull from a fall or blow. External violence 
applied to the fon-head or occiput resulls in a longitudinal 
fracture at the base (Plate 11). The petrous portion of 
the temponil bone usually fractures at its w(.«kest 8|X)t 
(from the jugular foramen to the tegmen tympani et 
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aatri), correspoading to the roof of the miditoiy d 
wtiile the caj>suLe of the labyrinth usually eticapea, 
line of fracture rarely passes through tlie internal audi- 
tory meatus, vestibule, and cochlea, to the inner wall of 
the tvmpaniim. External violence applied to the side of 
the head results in a transvense fracture, corresponding 
iu direction to the peirusc|iiaiuous suture or through the 
legmen tynipani, rouf, posterior wall, and anterior wall 
of the auditory canal ; the tip of the pyramid is often 
broken off at the same time, tlie bone at this poiut being 
less resistant than the dura mater. The drumhead may 
or may not be lacerated.. Fracture of the temporal bone 
is followed by hemorrhages into the tympanic cavity, 
mastoid cells, trunk of the seventh and eighth nerves 
(rarely laceration), mucous membrane of the tympanic 
cavity, particularly in the neighborhood of the windows 
of the labyrinth, canal of R<MenthaJ, maculte acusticee, 
cochlea (scala tympani), semicircular canals, and utricle 
and saccule. The hemorrhage is es|)ecially marked in 
the (lerilymphatic spaces. A small hemorrhage may be 
absorbed, but in most cases of fracture inflummiitory 
reaction in the labyrinth takes place (Plate 36). If the 
fracture passes through the tegmen tympani and iJie 
dura is lacerated, meningitis may develop from infection 
through the middle ear; fracture of the posterior wall 
of the meatus may lead to mastoiditis. 

Course and S)/mptoms. — Fracture of the temporal bone 
is characterized by profuse hemorrhage ; in rare cases 
hemorrhage occurs from the membranous portiim of the 
auditory canal, the jugular vein and its bulb, or the 
carotid artery without any bony lesion. Sometimes extra- 
vasations of blood and sequestra: may be visible in the 
auditory canal. The drumhead may be lacerated, and 
disturlranccs of taste are observed. If the labyrinth or 
the cranial cavity has been opened, cerebrospinal fluid 
is discharged. The injury is usually followefl by loss of 
consciousness, later by headache, vertigo, suddenly de- 
veloping partial or total deafness, tinnitus aurium, and 
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rarely facial palsj-. Other crankl uerves may be par- 
atyzM. Ecchynioees occur in the scalp. Death results 
UHUnlly fi-um meDingitiH. If the patient recovers, he is 
UBimlly deaf for life. 

Treatment, — Guard against infection. Avoid syriug- 
ing. Large ear-dressing and rest in bed are indicated. 
After the general symptoms have subsided, and if the 
patient is aeaf, hypodermic injections of pilocarpin and 
strj'chnin and potassinm iodid internally arc to be em- 
ployed. II' there is hemorrhage into the tympanic cavity, 
inflation miiy hv eiiiploywl guardedly. 

The Stistachian tube may be injured by the passing 
of a bougie, and rarely by stab- or shot-wounds. The 
wound may heal with a resulting stricture or atresia. 

Penetrating stab-wounds in tlie region of the ear may 
injure the interior of the cranium or the lateral sinns, if 
the mastoid process has been pierced (von Bergmann). 

Injuries of the dmmhead are caused by : (1) Direct 
injury — burn;*, ear-spoon, syringe ; perforation is in the 
posterior half of the drumhead, and as infection is the 
rule, an acute suppuration results. (2) Continuation of 
a fracture of the auditory canal, perforation in Shrapnell's 
membrane, followed by suppuration and meningitis ; if 
the patient recovers, adhesions remain. (3) Sudden in- 
crease of the pressure in the auditory canal by a blow on 
the ear, explosions and insufflation, or diminution of the 
pressure, as in a caisson. A ihin tynii>anic membrane and 
constricted Eustachian tube predispose totraumatic rupture 
because the air cannot escai»e readily into the nasopharynx. 
The accident is accompanied by a report in the ear, pain, 
vertigo, tinnitus, and slight hemorrhage. The jterlbra- 
tion is oval, more rarely circular, and sititated in the 
posterior half of the drumhead, more freaucntly in the 
left than in the right car. The edges of the perforation 
are irri'gular, injected with blood, and sometimes overlap. 
In rare cases the laceration is linear and may involve 
only the epidermis and cutis. In the neighlmrhood of 
the jierforatiou small hcmorrhogeB are seen on the drum- 
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licail. There are no inllammatory symptoms. Some- 
times the drumhead is gray, the mucous membrane of 
the tympanum yellow iu color (Plate 38, 15, 16) ; Val- 
salva's ex))eriment U successful and attended with a 
coarse perforation murmur. The hearing is but little 
affected, Rinne partially n^ative, Weber in diseased 
ear, Schwabach normal or prolonged. But if the laby- 
rinth is injured, as iu hemorrhage into the auditory 
nerve, into the scala tympani or maculie acusticee, the 
hearing is greatly atfected and there may even be total 
deafness with intense subjective noises. Rinne positive 
Schwabach shortened, Weber in healthy ear, upper tone 
limit reduced. Uncomplicated rupture of the drumhead 
heals in from four to six weeks by cicatrization, and the 
hearing remains normal. If there is labyrinthine in- 
volvement, there may be permanent deafness or dnnita 
Concussion of the labyrinth more frequently occnrs witi 
out injury of the drumhead, the full effect of the sudde^ 
rise of pressure in the auditory meatus being felt by the 
labyrinth wall (Politzer). The tympanic cavity and its 
contents may be injured in laceration of the dmmhead ; 
the handle of the malleus may be fractureil; the result- 
ing hemorrhage into the tym))anic cavity, known 
hematotympanum, may undergo spontaneous absorpti< 
or the hematoma may break down, especially in dire 
violence. The labyrinth may be directly injured by car 
less extraction of a foreign body or by stub or gunsb^ 
wounds. It is more frequently Injured indirectly 
fractures of the l>ase of the sknil. Concussion of t1 
labyrinth is caused by sudden changes in theair 
explosions, exposure to detonations (the shriek of a ]< 
motive whistle), or a blow on the ear, 

A grave iujury of the hearing may result from ooncui 
sion of the labyrinth, even without any fracture ia tb 
bone ; it may be attended with hemorrhagen into thw 
membranous labyrinth, causing inflammatory reacttofl 
and atnmhy of the auditory nerve (Plate 36). ConcuB* 
of the labyrinth sometimes occnrs on the side oppi 
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site to that which rweivisd the blow ; the symptoms then 
are moderate stupor, vertigo, vomiting, sta^ering gait, 
and not infrequently hy]>ene6theHia acustica. If the cou- 
cusHiou haK nut been very severe, the auditory disturbance 
and vertigo disappear entirely within a few days. If 
there has oeen extensive hemorrhage, however, the audi- 
tory disturbance usually increases, while the vertigo re- 
mains as it was (Schwartze). Deafness occurring somo 
time after the accident may be due to inflammatory re- 
action secondary to hemorrhage into the labyrinth. Eiirs 
already weakened by previous disease are greatly subject 
to injury in concussion of the labyrinth; the already ex- 
isting imjwirment of hearing may sulfer a sudden aug- 
mentation, 

D-eafment. — If the drumhead has been injured, syring- 
ing and instillation arc contmindicated, so as to avoid 
any irritation or chance of infection. The treatment con- 
sists solely in sealing the ear ajwptically and applying a 
small car-dressing. The perforation heals mthont pus 
unless the wound becomes infected, when a severe puru- 
lent otitis media develops. In concussion of the laby- 
rinth with or without injury of the dnmihead rest in bed 
and tee compresses, laxatives, blood-letting, galvaniza- 
tion; internally potassium iodid, hy|H)dermically pilocar- 
pi" (gi". tV to ij a"J strychnin (gr. A to ^). A con- 
stant exposure to sounds may Itave the same eSect aa 
a sudden intense noise. Thus atrophy of the auditory 
nerve and deafness are observed in certain occupations, 
such as in locksmiths, blacksmiths, weavers, telephone 
girls. Such individuals should wear an antiphonc as a 
prophylactic measure. 



rV. NEOPLAfiMS OF THE ArUITdRY MeATL'S, 

Among connective-tissue growths occarring in 
the pinns nuiy be mentioned libroma (Plate Id) and 
keloid, which may appear in the lobe of the ear from 
the irritation of ear-rings. The fibroma oonsists of a 
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spheric lobiilaleil tumor rreqiiciitly contaiainf t 
matuiis aniis (myxofibroma). Tiilwrciihir n<><iuli 
the lobule of the ear occur rarely, ami aru tlUtin- 
giiished from fibrnma by histologic fxiiniiiiatioa. 
angioma w a bluish-red [tulsating tumor foijDd |iartii.- 
iilarly at the entrance to the ear ; it may l>e telaiigie*- 
tatic, or due to frost or varicose ctmditioiit* <Jiiriii|r I>rt^- 
nancy. In mrc inslauccs the ii}>i>er half of the jiinni 
becomes ossified. Large cysts are not iiifreqticntlv fixiiid 
on the posterior half of the pinna (Plate 16); <i<T[noid 
cysts occur isoth behind aud in front of the piatia ; en- 
chondroma' has also been occasionally obiscrved. Sar- 
coma may bejpn as an ulcer either in the lobe of (he ear 
or at the tragus. The tumor extends through tlie cofl 
parts into the hone, and threatens life by intracntnial 
complications. A sarcoma usually originates in the laa- 
coils membrane of the tympanic cavity, the mastoid 
cells, the periostenm of ihc mastoid process (pseudo-fluc- 
tuation), or the dura of the petrous portion of the tem- 
poral bone. Destruction of the drumhead ensues, fol- 
lowed by suppuration, polypoid growths in the auditory 
canal, and later ulceration of the external ear (Plate 15). 
Sarcoma is distinguished from polypoid grantilatioDR " 
the ulcerating surface, the severity of the puin, the ocei 
rence of hemorrhages, the rapid growth, aud the IiUt 
logic characters. Osteoma and gnmmalons tumors rarel 
develop in the periosteum of the mastoid process. Chli 
roma of tlie temporal hone has been described by Kori 
Within the auditory meatus small white no(lules(miliiim), 
produced by occlusion of sudoriferous glands, and come- 
dones due to obstruction of stiiiiceous glands, mast be 
mentioned. 

N'eoplasms of the middle ear and anditoty 

meatus usnallv take the form of aural [Hilvpi (Plates 
25; 33; .39, 9,']0, 15). Polypi are most tVequent in 
chronic otitis media. They are attached to the inner 
wall or floor of the tympanic cavitv, the tvmpanic 
cles, the drumhead, the niai^ina of fistiilie, pneumatil 
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cells of the rouf, and posterior bony wall of the auditory 
meatus, where ibey simulate j>olypi of the auditory canal. 
Sometinies they art found in Shrapnell's membraDe aud 
in the Eustachian tube. They may be bright red, smooth, 
and shaped like a raspberry, or pale and Bpheric. 

The raajority of aural polypi consist of inflammatory 
tissue (Plate 33), so-called polypoid granulations, being 
a mixture of polynuclear and mononuclear leukocytes, 
plasma cells, mant-oells, giant-cells, and fibroblasts im- 
bedded in a partly granular, partly fibrillar, and very 
vascular ground substance. Sometimes, when t bey con- 
tain a preponderance of fibroblasts and rapidly growing 
blood- vessels, they evince a tendency to contract (poly- 
poid fibromatous granulations). They do not contain 
elastic fibers, but may be rich in hyaliii corpuscles. The 
surface may be ulcerated, denuded of epithelium, and 
covered with squamous or cylindrio epithelium. Some- 
times both coaaitions are found at the same time. The 
cyliudric epithelium contains gland-like depressions; true 
glands, however, are rare. Some aural polypi represent 
true tumors, being bard, vascular fibromata, covered with 
squamous or cylindnc epithelium, or, when the fibers 
are separated by an infiltration of fluid, myxofibromatn. 
Polypoid granulations very often depend on disease of 
the bone, and their presence, like that of fibromata and 
myxoflbromata, is, therefore, a favorable pn^nostic 
sign. 

Cburse and Symptonut. — Aural ixilypi usually coexist 
with chronic otitis media or caries ; they arc a fruitful 
cause of pus retention and {)craistent otorrhea. Some- 
times their reflex irritation is the caus<< of epilepsy. 
Spontaneous suppunition and contraction by degenerative 
processes rarely take place. A polypus may reveal its 
presence by the (wcurrenoc of slight hemorrhage from 
the ear after sudden movements of the head. The origin 
of the growth is found by carefully feeling with a probe 
round its entire periphery (Politzer) ; polypoi<] gninula- 
tiona may grow into the auditory canal from the dura 
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mater (external pacbymeDingitis) through cari( 
in the roof of the tympanum (PlatfB 25, 34). 

Tretiimeni. — Tumors of the pinua should be excised, if 
they are malignant, 33 early as possible, and, if neces- 
sary, the entire pinna should be removed. An angioma 
may Iw destroyed with the galvanocantery. Aural polypi 
slioiild be removed with the snare, unless they show a 
tendency to bleed, when tlie galvanocantery may be sub- 
stituted. After instilling a 20 per cent, solution of eoeain 
into the auditor)' canal, the snare is adjusted around the 
polypus, as near its base as possible, under thorough 
illumination with the head mirror. It is safer alway.s to 
use a cutting snare — tbat is, one 
in which the loop can be drawn 
back into the hollow carrier 
(Fig. 99, a). If the surgeon uses 
a tearing snare, or one in which 
the wire is arrested at tlie ex- 
tremity of the tube by a crosa- 
piecL' {V\f. 99, 6), he is in dan- 
ger of lacerating the dura if the 
tegnien tympani is carious. Small 
polypi or the remains of polypi 
may be removed with the cut- 
ting forceps (Fig. 79), the circu- 
lar knife (Fig. 78), the galvano- 
cantery, or destroyed with chro- 
mic acid. After the operation a 
small ear-dressing should be applied. During the after- 
treatment absolute alcohol should be instille<l into the 
ear at regular intervals, and the associated chronic otitis 
should also receive ti-eatment. If the patient objects to 
the knife or the operation is attended with unusual diffi- 
culties, as in stricture of the canal, a cure may sometimes 
be effecte<I by the instillation of alcohol alone (Politzer). 
Occasionally the removal of polypoid granulations is fol- 
lowed by a suppuration which may necessitate more rad- 
ical sut^ical intervention. 
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Primary connective-tissue tumors of the audi- 
tory nerve are mrf ; tliey iiidiide noiiroinu, glioma, and 
fibrosarcomii. Tlie tumors are attached to the nerve like 
a pear to ite branch (Plate 32); the heavy stalk projects 
into the internal nieatim, and interrupta the connection 
between the nerve and the brain ; the aevcnth nerve is 
frequently involved. In addition to the deafness there 
are cerebral Byniptoms, It happens more frequently that 
tnmors of the brain and dura niater, usually sarcoma, 
involve the auditory nerve secondarily. 

Oarcinoma is not uuconimon in the ear (Plate 15); it 
begins in the pinuu, at the upjier portion of the helix, as 
a small niKlule, and forms a soft, nodulated, ulceratine 
tumor which later extends to the cartilage, the pinna and 
its viciuity, and to the temjKtral bone. Within the audi- 
tory meatus it begins as an eczema or aa an ulcer, with 
spongy, rapidly growing, caiiliflower-likc granulations, 
that bleed at the slightest touch. Kven the middle ear 
and the mastoid process way liecome the starting-point 
of a carcinoma, especially after a long pi-riod of suppura- 
tion, and when the mucous membmnc of tJie tymianic 
cavity has become converted into epidermis. 

The destruction of the tempurul bone may be as great 
as in extensive caries (Plate 23); even the capsule of 
the labyrinth and the cochlea may l>e invaded by the 
carcinomatous tissue and destruction of the auditory 
nerve result (Plate 36). 

f^tpiovis of aural carcinoma arc : Severe pain, dis- 
charge of pua, free bleeding, lymphatic enlargement, 
early paralysis of the seventh nerve, and the presence of 
mpidly growing granulations with broad bases within 
tlie auditory meatus. 

The dioffnofis is formed by microscopic examination ; 
although a typically growing squamous epithelium is also 
found ID aural polypi covered with squamous epithelium, 
it is always possible to demonstrate a direct connection 
with the epithelium of the surface ; in transverse sec- 
tions of the epithelium plugs the cells present a uniform 
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arrangement liki; a palisade, just as in the rete Ma)]M0 _^^ 
Death results from meningitis or braiii abscess witGra 
eighteen months at the latest, Carcinumn of the organ 
of hearing may be secondary to carcinoma of the parotid 
gland, the tongue, and the upper jaw. 

Trenbiu-nl. — Whenever possible, an early extirpataa 
of the growth must be done. 

V. Malformations of the Oboan op Heabing. 

Malformations are often the cause uf congenital deaf- 
ness and deaf-mutism. They aHect either the entire 
organ of Hearing or only the sound-conduction or sound- 
perception apparatus. Heredity is an occasional fact*»r. 
The malformations are explained by the development of 
the organ of hearing (see p. 61). " 

In must cases of developmental anomalies of the e; 
nal ear the middle and internal ear are normal. ThicI 
ing of the bonier of the helix behind and abov 
as Darwin's point (Durwin-Wooiner's ear) (Plate 16). 
Instead of the normal infolding of the helix, the upper 
posterior portion is often drawn out to a point (Miioicus 
ear) ; when the fetal satyr point persists, the so-callod 
satyr ear resultt, and when, at the same time, Darwin's 
point is stningly developed, the condition is described as 
a oereopithecua car. The so-called Wildermuth ear is 
characterized by abnormal bulging of the antihelix. The 
lobe may be adherent, or may extend down on the cheek 
or may be cleft (coloboma). Degenerated or si>-called 
Morel's ears are quite as frequent in normal individuals 
as in the insane. An excessive development manifests 
itself in macrotia, or unusual size of the ear, polyotia, or 
the presence of several deformed pinnie in aadttion t"^ 
normal one, and in auricular ap|iendagei4 in front 
tragus (Plate 16), Not infrequently a small depi 
or blind fistula (fistula auris congenita) is found in 
of the helix. Malformations of the pinna are iisi; 
associated with malformations of the auditory caaal, 



nt of 

M 

aoi(«^^ 



MALFORilATWa.'i OF THE ORGAS OF UEARISU. 269 

tympanic cavity, and the Eiigtachian tube, while the laby- 
rinth may be well developed. Entire absence of the pinna 
is rare ; sometimes the organ \s replaced by a linear fold 
of curtilage or skin (macrutia) (Plate l(i). The auditory 
meatus may be occluded by a membrane (atresia), or the 
o[H?ning is merely indicated by a slight depression, espe- 
cially when raacrotia exists. In this condition the bony 
meatus and drumbeat! may be normal or entirely wanting. 
In the latter case there is malformation of the tympanic 
cavity, the windows of the labyrinth are smaller, and the 
tympanic ossicles and Eustacbiau tube underdeveloped or 
wanting alti^ther. 

Malformation uf the ear often coexists with malforma- 
tions in other portions of the head, asyiiimetiy of the face, 
harelip, and cietl palat«. In macrotiu and in atresia the 
labyrinth is usually intact. It may, however, be defect- 
ive, or the external ear and auditory meatus may be 
normal and the labyrinth alone defective, owing to in- 
complete development of the auditory nerve, the cochleft, 
and the eemicirculur canals. Abnormal fissures are some- 
timeti observed in the temporal bone (Plate 32). Defects 
of the labyrinth produce total deafness, dcfetsts in the 
middle and external car, only partial deafness. If there 
are unilateral raacrotia and atresia, the condition of the 
labyrinth may be determined by the functional test ; if it 
is intact, Weber is transposed to the diseased ear. In 
unilateral atresia, if the cori'esponding half of the palate 
is imperfect in development and mobility, it may be in- 
ferred that the middle ear also is imperfectly develojied 
(Politzer). If the auditory canal is oa^luded by a septum, 
or its bony portion is excessively develoiwd, conversation 
will lie better understood with the use of an ear trumpet. 
If the middle ear is properly develojted, a murmur ia 
heard In the Kustaehian tube during caiheteriKalion. 

Trediment, — InHumniatory fistulie of the auditory canal 
:«hould l>e laid o]K'n and excised. Macrotia and prom!- 
nenw- of the ears (cat-ears) may be remedied by excising 
a V-shaped piece from the posterior wall of tlie pinna. 
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In luacrotia and atreiniu of the anditory canal an arlil 
mealns may be made if the buny portion is patent 
is bopeleHS to attempt to ereatfi an artitieial canal witti 
chisel. If the pinna is absent or has been lost by aa 
injury, an artificial ear made of papier-niacbf may ' 
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Nervous otalgia, sometimes intermittent and very 
lent, with subjective noises and hyper(e»thesue acQF 

may form part of a general trifacial neuralgia ; the pini 

and mastoid process are often red and swollen. Neuralgia 
of tbe tympanic plexus may make itself felt in the audi- 
tory meatus and m the tympanic cavity. Common cau.ses 
of neuralgia are carious teeth, inflammation of the Gasse- 
rian ganglion, ulcerations of the tougtie, larynx, pharynx, 
and influenza. Tbe diagnosis of otalgia should never he 
made until every possible souroe of irritation, either in 
the ear or in other regions, has been excluded. The treat- 
ment is symptomatic. Quinin and potassium iodid may 
l>c given alternately. Galvanization, massage, and Ijucie's 
pressure probe may also be tried ; IiypercBtbesia from 
exposure to cold must be treated with cold compresses ; 
if due to pniiitus, by a soothing ointment. In hysteria 
and in adhesive processes secondary to (»tarrb, anesthe- 
sia of the pinna and of the auditory meatus is occasion- 
ally met with. Spastic contractures of the tensor tympani 
and stapedius muscles in tic convulsif, blepharospasm, i 
spasm of the soft palate produce a ticking sound in 
ear. Treatment is directed to the general condition, 
may include galvanization and massage. 

Neuroses of the eighth nerve manifest themselves in 
hyperesthesia, paracusis, tinnitus aurium (uer\'ous tinnitus 
anrium without aunil disease), oxyccoia, or exaggerated 
power of hearing, and in functional paresis or paralyi 
such as : (1) Angioneurotic paralysis of the auditory nei 
the symptoms are pallor, nausea, vertigo, and mom«ill 
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deafness lasting several minutes. It occnrs in migraine! 
(irritation of tlie auditory centers). (2) Rheumatic paral- 
ysis of the auditory nerve. Symptom : temporary deaf- 
ness, usually following a cold or an attack of rheuma- 
tism. (3) Hysteric deafness. Rare — often associated 
with auditory hyperesthesia. The characteristic symp- 
toms are sudden changes in the power of hearing, hypt-r- 
cathesia, and anesthesia and paralysis in the distributiun 
of other nerves, abnormal sensations in the auditory 
meatus, and vicarious heinorrhaee from the nose. (4) 
Sympathetic paralysis of the auaitory nerve: if there is 
great diminution of the power of hearing on one side, 
hearing on the opposite side also becomes involved with- 
out uuy objective changes. 

Trmtmenl. — Constitutional ; in hysteria electricity and 
metal loth erapy. Local treatment is, as a rule, unnecessary 
(seep. 179). Internally, bromids, potassium iwlid; pilo- 
oarpin hypodermically ; galvanization. 

VII. Deaf-mutism. 

A person is said to be a deaf-mute when he is unable 
to speak although the function of the speech mechanism 
is preserved. Every child is born dumb. It lenrns to 
speak by means of its sense of hearing, and thus becomes 
a speaking animal. If the child is burn deaf, it will 
remain dumb. Children who are born with the power 
of hearing, but lose their hearing by disease before tliey 
have learned to sjxiak, are in the same position as deaf- 
mutes — they remain dumb. Children who had already 
learned to s{>eak {up to the seventh year), and then lose 
their hearing, almost invariably foiyet what they have 
learned and again become dumb. The majority of deaf- 
mules are not bom deaf but have lost their nearingas 
the result of some uural affection. 

Congenital deafness is due to malformation of the oi^n 
of hearing (Plates 19, 22, 37), such us absence of the 
labyrinth, occlusion of the windows of the labyrinth, 
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labvriotli, malformation of the tytnjianic ossicles, "i 
imperfect development of tlie temporal lobe ; heredi^ 
or consanguitiity of ihe pureots may have a like in- 
fliiCDce. Id Switzerluud deaf-mutism from central dis- 
ease occurs endemically and has the same topographic 
distribution as goiter (^Bircher). Acquired deafoesa ie 
generally due to aural disease occurring during men- 
ingius, scarlet fever, measles, and other infections dis- 
eases. Id rare instances temporary and curable deaf- 
mutism has been obser\'ed in hysteric individuals. Edu- 
cated deaf-mutes do not differ in their mode of thinking 
from ni>rraal individuals. The deafness is not aWaya 
total. The majority of deaf-mutes, especially those who 
were born deaf, still possess some remains of the power 
of hearing, depeJiding on the amount of function retained 
by the iHisilar membrune. They may be able to hear 
sounds, such as the tolling of bells or the musical notes 
of the scale — either the entire scale or with the exception 
of some notes (BezoM) ; or, finally, they may be able to 
hear vowels or even entire woi-ds. The most important 
range for understanding conversation is from b' to g'. 
Deaf-mutes in whom this range is lost are unalitc to hear 
conversation (Besiold, Fig. 18). The diagnosis of deaf- 
ness and dcaf-niutism during the first years of life ia 
difficult The appearance of the drumhead gives no in- 
formation. In acquired deafness, suppuration and the 
remains of catarrh are frequently found. The parents 
notice that the child does not hear, and after the second 
year that it fails to lenrn tu speak. The deafness is 
finally confirnie<l when the child fails to reejx>nd to clap- 
ping of hands, the ringing of a bell, the sound of a whis- 
tle, etc. Any palpable concussion, such as the slamming 
of n door, must be avoided in making the test. The 
power of hearing the notes of the scale may be tested in 
deaf-mutes after the first school year by bandaging the 
eves and holiling the tuning-fork in front of the ear, at 
tlie same lime carefully avoiding the slightest contact. 
The examiner then determines whether the child can 
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hear each individual note, and if so, for huw long. Re- 
peate<I control ex[>enments are necessary to guaitl against 
errors, which are verv apt to creep in. IiHtead of the 
musical scale, Urbantsohitttch's harmonica must be used 
for the test. In deaf-mutes the vertigo and ocular 
moveiuents wiiich follow rotary movements of the body 
in normal individuals are not infrequently absent. 

Prophylactie measui-es for the purpose of avoiding 
deaf-mutism are of the greatest importance. In Prussia 
alone there are 28,000 deaf-mutes (Mygind). Before a 
child is able to speak it is not able to tell us that it can- 
not hear. It follows, therefore, that every child suffer- 
ing from an aural disease is in danger of becoming a deaf- 
mute unless the loss of its hearing is avoided by timely 
local treatment, such as paracentesis, the removal of sup- 
puration and of adenoid vegetations, the air douche, etc. 
Once the hearing has been lost, suppuration may, it is true, 
be removed, and what little remains of the [viwer of hear- 
ing may be preserved, or even iKissibly augmented, and 
yet the child will remain a deaf-mute in s]nte of all our 
efforts; older children, particularly those who have be- 
come deaf, must be constantly made to s{teuk, as this will 
enable them both to retain their power of s}Kaking and 
to understand the speech of others. The only place for 
a deaf-mute to learn to speak is in a special school for the 
instruction of deaf-mutes, and thither the child should be 
sent as soon as possible. Deaf-mutes can make them- 
selves understood to one another by means of signs, but 
this does not enable them to converse with other normal 
individuals. This is the method employed in France — 
the so-called gesture ppeech after Ablrf de I'Ejrf!* in Paris. 
The German methtxi by which the deaf-mnte learns to 
speak tPedro dc Ponce, Heinieke) is a much belter one. 
The <lcaf-mute is taught to s|>eak by imitating the move- 
ments of the month and rausdes of the face and neck 
through the sense of sight and toudi, and he learns to 
understand the conversation of others by reading the lips. 
If the child retains any power of hearing, particuhirly 
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between tho niiigt> ul' 6' and g', it must be utilianl in 
teaching luni. 

It is not p(i!>!iiblc tu brinf^ aliout an improvement in 
the hearing l)y exereicies (UrUintschitacli), On the other 
linnd, the instnictur may witli advantage utilise the power 
of hearing to Mnpplenient hie insitnictioD by the eye. An 
intelligent <leaf-niut« with some power of hearing will 
learn to speak qnite intelligibly. The voice, a.n a nile, 
is more munotoiioiis than in ordinary individaals, and 
sometimes it may l)e absolutely unintelligible. Abnut 
one-third of all denf-rautes learn to speak well enough 
to be understood by anylxxly (Hartmanu). The great 
majority learn enough to follow some suitable catltng, 
snch an fanning or industrial labor. 

VIII. SioNinrANcE of Ai'rai. Diseases is Civtl 
AND MiLiTARV Life. 

(a) Military Service. — During a period of about 
thirty years, 15,958 soldiers were discharged from the 
German army as nntit for service on account of aural 
troubles. Of these, H6,8 jwr cent, were already suffering 
from aural disease when they enteretl tlio army (Ostmann). 
It follows, therefore, that to guard these patients agaiiut 
becoming incapacitated for service by aural disease, every 
physician should have some knowWlge of otology. 

In Prussia a man's fitncM for service is determined 
by the following regulations : A man is considered fit to 
serve among the reserves (1) if he is deaf only in one ear 
and the deafness is due to some antecedent disease ; or 
(2) if the hearing is only moderately impaired in both 
ears, so that he hears whispered conversation at a dis- 
tance of about 4 ni. down to ] m. A man is considered 
permanently incapacitated when (-3) he hati lost one auricle; 
(4) if he is incurably deaf, or hard of hearing in both 
ears, and the distance at which lie nm hear whlspej 
conversation is less than 1 m, ; (5) if he is suffering 
any grave disease of the auditory apparatus that is 
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cult to cure ; and, finally, (fl) if he Is ft miitt or a deaf- 
miitf. In the tase of fully trained soldiera the condi- 
tions mentioned under (1) and (2) coni^litute an absolute 
bar to active service in the field. A man is rendered 
unfit for both field and garrison duty by the conditiona 
mentioned under (3), (4), and (5). 

(bj Insurance. — Lite insurance should be refused in 
the following conditions : Malignant tumors, chronic oti- 
tis media with caries, cholesteatomata, polypi, paralysis 
of the facial nerve, and vertigo. In perforations of the 
lower half of the drumhead with nxKlerate suppuration, 
in dry perforation, and two years after a radical operation, 
the applicant may be admitt<!d with an increase in the 
premium. If the applicant is suSenng from an acute 
inflammatoiT proce^i^, admission should be delayed until 
be is well of his trouble. Tnipaired hearing due to catar- 
rhal adhesive proccase.s, ankylosis of the stapes, and ner- 
vous deafncAB without lues or leukemia do not disqualify 
a man for life insurance. 

(c) Accidents and Bxpert Testtmony. — Expert 
testimony in rofpird |o aural di.woses t^bould not be at- 
tempted by any one who is not a specialist ; otherwise the 
patient may suffer from incorrect testimony in regard to 
tiis condition, and the physician runs the risk of giving 
false evidence. Hence a pli\'sician who has not made a 
specialty of aural diseases should refuse to give expert 
testimony. After any injury to the head an examination 
of the ears should be made as swin aa po»^sibli>, including 
at least examination with the spt'cuhun and testing the 
hearing for whiajH-n-d conversatinn. If examination ii 
delayed too long atU'r the injury, it may l>e difficult OP 
impossible to decide whether the aural condition was pi 
duced by the accident or not. The only trustworthy signs 
are recent injuries, such as tranmalic rupture and injury 
to the auditory canal. Recent traumatic rupture is dis- 
tinguished front a dry jterforation of some titanding by 
hemorrhage (Plate -18, 15, 16). The edges of a dry 
perforation are white, and calcareous deposits are often 
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fiiunil in tho druinhcud. The finding of old alterations 
I in the cans inimt-diately after the accident, or inronnatiun 
in regard to impaired hearing before the accident obtained 
from the patient's friends, is of the greatest importance 
in the final decision. In some caiies the condition of tbe 
uninjured ear will assist the examiner in forming an 
opinion in regard to the injured ear; if, for example, 
the patient should say that the uninjured ear is perfectly 
sound, and wu tind on examination signs of former dis- 
ease and impaired hearing, it may be inferred that the 
injured ear was also afiecteu by some disease diat escaped 
the patient's notice. 

It often happens that a disease of long standing is 
attributed to an accident, and, as a matter of fact, it is 
quite possible that an already oxii^ling trouble may have 
been made worse by the accident. If the drumhead is 
normal, and malingering is excluded, one will have to 
do[)end on tbe statement of witnesses; if there is recent 
suppuration, it is usually impossible to decide whether it 
is traumatic or not. It goes without saying that eJioles- 
teatoma, fetid suppuration, and extensive defects of the 
drumhead cannot be of recent origin. A careful func- 
tional test with due regard to the patient's occupation 
and general condition will not infrequently enable one to 
arrive at a decision. 

If the injury is such as to incapacitate the patient for 
his work, he is entitled to damages, the amount of wfaioh ' 
depends on the degree of deamess or subjective symp- 
toms, such as disturbance of the equilibrium, which can 
be determined only by clinical observfttion, J 

Total deafness in both ears incapacitates a man to the | 
extent of from 30 irer cent, to 50 or 100 per cent. If his 
hearing is impaired in both ears, so that lie can hear only ' 
lond conversation with the better ear at a distance of 10 I 
to 20 m., the injury is considered to be 5 per cent.; if at ( 
a distance of 5 to 10 m,, 11 per cent. ; and from 1 to 2 m,, 
22 per cent. (Schwarz). Subjfx;tive symptoms and nni- 
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]0 percent, to 100 per cent., depending ou his occupation. 
Incapacity from deafness is usually of long Juration and 
may be permanent. Recovery is pos8il)le in subjective 
noises and in suppurations. It sometimes requires several 
montiis to arrive at an opinion in regard to an injury. A 
traumatic rupture may beal. Concussion of the labyrinth 
sometimes subsides or may not injure the hearing until 
some future time. Traumatic ruptures without concussion 
of the labyrinth and wounds of the external car are classed 
as minor injuries. Loss or mutilation of an auricle, bi- 
lateral deafness, and injuries which produce chronic sup- 
puration are classed as severe bodily injuries. Secondary 
infection in traumatic cases may end the patient's life by 
.letting np meningitis, pyemia, or brain abscess — as, for 
example, after attempts to remove a foreign body. 
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MEDICAL FORMULARY.^ 



EA£ DROFB, DOUCHES, AMD D)- 
JECTIONB THBOUCH CATH- 
ETES. 
B- Aluminlii. 
Plumb! aceti 
Aq. dcBtUl., q 

M. Sig.'Iiuai ID 



id 100 fsiii. 

:i times a day -, 



tlig. — InaUi 10 dTopa ii 






K- Acid. iKirio.. l.Ii gr. ixv 

Aq. dndillat., 

Cll}>cerin[, USO r^T. 
U. Slg.— Iiutil 10 drops In ear 3 

B. Acid. Iwiiu., i 3j 

A1oahol.ftbMl.. q.B.ad ao f^v. 
M. Slg.—InEtJI 10 dropH In c»r 3 
tinitn a dn;. 



. Li q. xi, tarbol., 0.5-1 



1.5-1 nvTiij-iT 
aiyceriul. q. >. kd 10 fSiin. 
H. Big.—Iiutil S drups in vat 3 
tiniHi s A»,j. 

B. Sol. cupri Hilph., 

0.()3-aO gr.»-fSi. 
Sift. — Instil 5 drops in oir 3 tJmxB » 



AIl'oIioI, iitK^lut.. m 10 fSiiea, 
M. 8i([,— Instil o drojis in oar 3 
times a, dn^. 

H- Hydrogop. pcroxid.. SO fXiU 

Aq. dsstiil., •]. a. sd 100 r|v. 

M. Big.— Iiyect into ear 3 times ft 



R. Hydrogen, peroiid,, SO fJ'U 
Alrobol. alHolut.. 

q. s.ad 100 fjv. 
M. SIg. — Inject inhi ear 3 times % 






.), 0.8 gr. T 

d.. 8 jp. 1 

q. 8. »d 30 (Jj. 
: 5 drop* through 



Et, lodufurmi, 0.8 gr. ti) 

(Jlycerini, 1 n^xv 

A'|. destiH., q. s. sd 30 f^v. 

H. Sig.— iDstil 5 drops in ear 3 

titBCA ■ day. 

R. lodul, 1 gr, XT. 

Alcohol, ftbaolot., S tSii 
(liyoeriiii. 30 rSv. 

M. Sig.— Apply with bnuh to ao- 

B- Sol. iioliias. sulph., 

0.2-50 Br.lJ-(Si. 
SIg.— Instil 10 drops in ear 3 tlioea 
a day. 

ViilEbtx arr only approiliHta : bat the 



IS (T- I 

8i«.— liulil 5 drasm in ou 3 I 



K. SoLd 

<lI-» BT-l 

1 Sig.— Ii0<n S iroft u Mr (« 
tlifiMgii caUtetcv) 3 tinwa ■ da^. 



LMtlOO ,^'j!" 



B. Sodii ariwDBL, 02 p. tiii 



20 ^v 



Glreeriiii, 

U. Sic.— Inrtil 10 

tinea a day. 

B- Sodii bicsrii., 

Aq. dcatillat., 

nireeriai. q. a. >d 25 rjcj. 
H. Sig. — IiOcct 5 drops throvi^h 

B- Sodii cBrixHiaL. 0.1 gr. im 

Aq. destillat.. 

Ul;<«riiu, a 10 tS'tiia. 
H. Sig. — Injsct 5 drujis Uiroagh 
ratbetcr. 

B' PQacarpD. TDDr., 0,3 gr.iij 

Aq. deatill.. 10 fSiiw 

Liq. acid. carboL, 0.07 n\j. 

M. Sig.— Inject i to 1 Pravsi 

■yringefnl hypodcniiically. or B 

to 8 drops throngh the attliEl«r. 

B' Acid, ulieylic. 0.6 sr. vi^ 

Alcohol. abMlut.. 20 TSt. 
H. Big.—InBtil 10 drops in ear 3 . 

g. Acid, sofoiodllic., 0,2 sr. iij 
Alcohol, absolut.. 2 f3n 

Ql. ricini, q. b. ad 10 rSiin. 

M. Slg.—Inatil 10 dn^ In or 3 
times a day. 



g. Hj-drarg. hichlor., 

Alcnliol. absolat., -m 
H. Sig.— IniiLil 10 drops 
timcB ■ day. 



0.03 



a. Amrlnimu 3 Bllii 

Chlorofanni. 

q. «. ad to fSiw. 
H. Sig.— Place i drops dd coltwi 
aod IDhalc 

B- Liq- slaminU acctsl-, 

200 fs^. 

Sig.— AddiftablespootifDUtoa half- 
pint of ntvr. fur cufnpreiMii. 

B- Acid, boric. 2 gr. iiz 

L'ocain. mar.. 0.2 |Er. ijj 

Aq. dtwtillal., 300 fjvj. 

M. Sig.— Bonicocaio apisf. 

B. Cblorafunni, 

Ol. olivov &a 10 rSiias^ 

M. Sig. — For iaanction tcoiinter- 

B- Ol- bjoscyam.. 20 rSv 

I'hloraforml, 10 fSHss. 

M, Sig. — For innnctiaa (ooDotvr- 

irrilant). 
B- Menthol, 1 CT. XT 

(.'hUirofonDi, 15 fSiv. 

R. Menthol, 0.5-1 gr, viU-iT 

Ol. olivw, 10 fSiijB. 
M. Sig.— Instil 3 drops Into noee. 
i B. Menthol, 

CocalD. miir., iia 0.1 et, iss 
I Airid.boricq. B.adlO Siiss. 
M. Sig.- Use iw snuff. 
B. Menthol, 1 gT.iT 

(■o.»ln. toiir.. 
Ai-id. rairhol. (crTStsll, 

as 1 gr. IV. 
; M. 8ig. — JIoiet«n a cottoD pledget 
and place nn dmniliead (or other 
liasue) three niiuiilm before oper- 
ating. 
R, Sodii SOTO) odol, I gr. xv 

Acid, boriir., q. h. ad 30 3v. 
M. Big,— Useuanuff. 
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K. OLroKllbiroh lar), 

AlcoholU. aal5 f3iv. 
M. Sig.— Tinoture of Ur, 


R. Add. boric, 1 gr, xt ^^| 

Lanolin, q. «. ad 30 ^J. ^^H 

M. 8ig.— BorBl«d aiutmeot. ^^H 


K. Sapon. viT., 30 ra 

Alcoholis, 

Tr. l»vi.ndute. U 30 fi). 
M. Sig.-Uebra'8 Uootare of soap. 


R. (^mphone pulr,, 3 gr. iIt ^^H 

q.B,»d 30 .^. ^H 
M. Sig. -Camphor ointmeot. ^^H 


B. 8pU.a™m>t., 30 fj 

Spto, fonuicanim. 

HptH. fiiuapis. ia 30 f^. 
M. 8ie.— For inuaction (counler- 

DnSTlMO-POWDBEB. 

K. AluminU eim«at., 1-5 gx. x% 
Add, iHirk'. pulv.. 

q. 8. ad 10 3U. 
M. 8ig.-Ear powder. 

R. Add. boric. puW. mihl.. 


R. CbrysBrobiD., 6 SJ ^^H 
Lanolin, q. a. ad 20 |j. ^^H 

R. Emplast. litharg. «mpl., ^H 

Oi. olivte, aa 30 I). ^H 

At. 8ig.-Diach;loD ointment of ^^H 

R. Hydrant. pnedp. alb., 1 B^xt ^H 

Ung. petroiei. ^^M 

q. s. ad 10 Siia- ^H 


10 3U. 
Sig.— Ear powder. 

R. Acid, boric. pulT., 5 5j 

01. terebinth.. 0,3 n\,v. 
M. 8ig.— Kar powder. 

R. lodul. 10 3tj. 
Sig. —Ear powdrr. 


R. tchthyol, 1 KT, iV ^^^1 
Laiiulin, i). a. ad 10 Siiia. ^^H 

M. Sig.— Icbtbyol oiutnent, ^^H 

R. Potass, iodid., 2 gr. xix ^^H 
lodln. (pnr.), 0.1 gr. in ^^^H 
U>>g.c»iol1,, 20 St. ^^1 


R. Acid, salicylic, 

Add. boric., ii 10 r^y. 
M. Slg.-Ear powder. 


R. Morphin, bydrochlor., ^^H 

0,5 gr. vltj Jl^^H 

Lanoliu, q. 9. ad 10 Siiw. ^^H 

M. Big.-Hoq.hin ointment. ^^H 


R. ZlDci wiEoiodol. pulv., 

2 gr.ixi 

T^lc Tenet., 

q. 8. ad 20 3v. 
H. Sig,— Ear powder. 


R. 01. HDif gdals, ^^1 
Aq. roan, ia 10 f3iiM ^^H 
dene. ^^H 
RcBinie aib., aa t gr. IT. ^^H 

M. Uig.-Hebn>'s ««ling salva, ^H 


R, Zinci Olid. alh.. 10 3iln 

Amylipulv., SO 3v. 
M, Sig.— Dunlin g-powd«r. 

OIHTHEHTB. 


R, Zind Olid, a1h., ^H 
Amyli pnlT., i£ 5 .3J ^^H 
Lanolin, 10 31]. ^H 

M. Hg.— Zinc paBt«. ^^M 


R. Argent. Ditrat.. O.a gr. v 
Balum. Peruvian., 3 icr. ilT 

H. 8lg.-4uaCta <dtitiiieDt. 


R. Zind oxid. alh„ 3 gr. >1t ^H 
q. *. ^ 30 ^. ^^1 
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i^^^&^H ^1 


^^^H 


Abscess, brain, from Dtitis media, 


Auditory meatus, atrexia of, 168 ^^M 


2il 




treatment of, 2M 


169 ^H 


AceldenlB and expert Usttimony 


foreign bodi«« in, 164 ^H 


in ear di««Me, 276 


funincle of, l&U ^H 


Acouraeter, 86 


trt«tni«nt of, 168 ^H 


Politzer'e, 80 


herpes of, 156 ^H 


AdinomjcfiaiB, otitis media in, 


biatolugyof, 11 ^H 


207 


in new-born, anatomy of, 8 ^^H 


Adenotomc, 8ch6tK's, IM 


neoplasms of, 263 ^^H 


Adhesions, oatarrhal, of middle 


nerve, anatomy of, 60 ^^H 


ear, 176 


and auditocy centers, disGaaea ^^H 


treatment of, 179 


^H 


Air-pump for masaaea of drum- 


cochlear portion of, 61 ^^^H 


head, 136 


connective-tissue tuDion of^ ^^^| 


Anemia of labyrinth, 261 


~^H 


Ankylosis of aUpas, 182 


irriUhility of, tc*t for, 01 ^^M 


treatment of, 184 






Auricle, anatomy of. 1 ^^H 




f^yits of, 164 ^^H 


lOS 


d(>rmatitis congeiaUonii et com- ^H 


AnUphone, U7 


UistJonis of, 149 ^H 






from otitU media, 249 


phlegmonosa et Kangmnow ^H 


ArtiflcinI dnimhciid, 201 


^H 


Aiipiration and Iciftation in ur 


traumatio, of, 14fl ^^M 


disease, 181 


diieame of. 14f) ^H 


Atrfsia of miditory meatus, 168 


ecxema of, IW ^H 


Auditory L-ctiten atid audilorr 


froflt-Inte and )>lim' of. 14tt ^H 


nerve, di«eas» of, 26?' 


herpe* of, 162 ^H 


meatu!'. annt«my of, 4 


liintnloKy 4 ^^1 




hyperemia of, 148 ^H 


M^^^M 


^^^^^^a^^^^^^l 







■ 284 INDEX. ^H 


■ Auricle, lupUB vulgaris of, 162 


Catarrh of tympanic cavity, 171 


1 othomaluDia of, 163 


Catheterization in eiamintiiiofti 


1 perichondritU of, IH 




I Byphilis of, 163 


auscultation during, 1( 


W AuacullftUon during eatheteri na- 


Cerebral ntisceee from otitis mad 


tion uf Eustachian 


241 


tube, loa 


ttuatnient of, 244 


Autophony, 118 


tub«R-ulosis ttfwr utiti« taeSk 




241 


Bmckmann'b curel for adenoiil 


Chisel, flat, 214 


gruwlbB of uasuphar- 


Stacks bent, 224 


yni, 142 




Blood-letting in e&r diiease, 130 


226 


Blood-vefiselB and brain, diseases 


course and tyniptoiDB i 


of, after otitis media, 


228 


236 


treatment of, 22» 


Bougies, use of, in EuslAchian 


Cholcwa's hammer, 216 


tube, 1D6 


Circulatory disturbance in U 


Brain abacesa from utalia tnudia, 


rinth, 261 


241 


Civil life, ear disease, in. 274 


treatment of, 244 


Cleansing the ear, 125 


and lilood- vessels, die«Bses of, 


Cochlear portion of audita 


after otitis media, 237 


nerve, 61 


edema of, after otitis media, 




237 


Conversation, whispered, in t 


hyperemia of, after otitis media, 


or heanng-powor, B 


237 


Copper probe, 83 


Bume and JVost-bite of pinna, 149 


of ear, 78 
Corels for adenoid growths ■ 


CARriNOMA of ear, 267 


Caries from otitis media, 231 


pharyni, 142, 144 




Crsts of pinna, 164 


234 




trpHtmenl of, 235 


BEAF-MTTTiaM, 271 




prophvlsctic niBMures fiwtral 


after otitis media, 24ft 


ance of, 278 


Calflrrh, acule, of middle ear, 173 


Delstanohe's maaiieur. 132 


treatment of, 175 




chn-nir, of middle ear, 176 


buMionie of pinna. 149 


treatment of, 179 


eryaipelalosa of pnna, 149 



^^^^^ 


^H ^H 


mOEX. 285 ^^ 


DemiHlitU phlegm onoss t-l gan- 


Ear diseaae, application of drug* 


grainosa of pinna, 149 


in, 127 


tmuniutio, of pinna, 1*8 


blood-letting in, 130 


Diabetes, otitis mediii in, 2U7 


causes in, 70, 111 


Digital Bxaminalion of noac, 91 


compresses in, 130 


DiplilberiH, otitb Diediain, 2U5 


constitutiona) treatment of. 


DiBeuwai, gonenil, otitis media in, 


146 


203 


diainfuudon in, 123 


septic, from otitis media, 249 


disturlianeea of equilibrium 


Disinfection in eax diwaae, 1^3 


in, 117 


Diiturbances, circulatory, in labjr- 


dressings in, 129 


lintli, 361 


duration and course in, 70 


of equilibrium in ear disease, 


flectridly ill, 136 


117 


eloclroscope in, 73 


DreMingg in ear dieeMCi, 120 




Drugs in ear diseaw, applicaUon 


in civil life, 274 


of, 127 


in military service, 2T4 


Druniheud, air-pump for massage 




of, 186 


131 


anatumy of. 22 


inspection in, 72 


artifldal, 201 


insurance in, 275 


diseases of, 170 


massage in, 138 


histology of, 27 


nasopharynx in, treatment of, 


injuries of, 201 


139 


treatment of, 288 


palpution in, 72 




putholo^' and treatment of, 


flbmsum of, 27 


111 




pre*enl condition in, 71 


Du n Iter ' s ear-tnini pel, 138 






rxllex influence on vision, 118 


Gah. BiiHtomy of, 1 


snhjeclive symptoms in, 71 




■vmplumatology of, 114 


nmlnatlon of, 109 


treatment of, 128 


mn^inoma of, 2fl7 




cleansing of, 125 


anatomy of, fll 


disease, nrcidenis and nxp«rt 


cuminaUon of, 70 


tolimoTiv in, 27& 


cau«« in, 70 


and diseases of facial nerve, 


e..tU>n applicator for, 7fl 


11!) 


duration and course in, 70 


nod vtrtigo, 117 









B s»8 INDEX. ^^m 






H t»U in, US 


cathcieriBation in, aat- 




cnltKIJon durii«, lOS 


^M pcn'ibsion in, 83 


forewn bottin. in, 306 


^r prownl condition in, 71 




proWng in, 82 


■hjnriH of, set 




lumen of, aliemtiofu in, SDO 


.ubjc«tive.y«.ptom.in,71 


stricture of, -JftQ 


eitenutl, dbewai »r, 148 


nlcMUioii at phaiynge^ oti- 


geneni euuDin>tian oC, 107 


■aeuf, 200 


hygiene of, 146 


iMof bcM«i« in, IDA 


injuria, of. 259 


Eienases, Inuing, 1» 


trMtment of, 261 


ExoMOMsand hypetotlons of aadi- 




firy nieHtuB, 168 


malfomialioiu of, 2flS 


Kzpert Ubliraony and accidemi in 


middle. Boe Jtfi/frf/c ««-. 


HT diaease, 276 ^^ 


neuroHa of, 370 


Sxbanal eat, diseaiet «f, 148 ^^H 


phjwologr uf, 68 


^^H 


syringing of, 77 


Facial nerve, diseases at, and Mr ^^^H 




diseu^ 119 ^^^1 


Enr-dnun, mobility ..f, 81 


Flat ebixel, 2H ^^H 


Ear-ftinncl, pneunmtii^, 61 


Porueps, 77 ^^^H 


Ear^lam, UBrtmannn, 78 


foreign body, 77 ^^H 


Ear-trunipeU", 187 


and poiyp. 200 ' 


Ear-tube, 138 


Hartmann'g, for mHmng nwm- 


EcMtna of auditory meatus, 166 


branousaudi toi; euul, 


nf pinnn, 150 


224 




JurasB-s postnawtl, 1-M 


„. ., ^"^ 


rongeur, 216, 222 




Foreign bodies in audiloiy meatm, 


Electroscope in ear dieesxe, 73 


lfl4 




in Eustachian tube, a06 


Btua, IBl 


body and polvp foreepe, 200 


Equilibrium In ear disease, dis- 


forceps, 77^ 


turbances of, 117 


l'■n)s^b^te and hums of pinna. 149 


testing of, 91 


FuncUonal tests in examinaflMl 


Euil4iohian tube, anatomy of, 87 


of ear, 83 


diseases of, 207 


Punnel, ear-, 81 




Furuncle of auditory meatin, IM 


^k catheterization in, 90 




1. 





^^^^^^ntltBX. 287 ^ 


Oalton-Esrluann'm whlsUe, 87 


IsKAKTB, acute otitis modU of, 


URlvutiic ourrenl in tiating irri- 


m 


labilitj of auditory 




nerve, 91 


of middle ear, 184 (aec also OHHt 


Gelie'e test for bttiirin),'-pimer, B» 


media). 


GoUstdn'* curet for xieijoid 


Inflation and mpinition in oardii- 




flase, 181 


y„x, 142 


of middle ear, 94, 98 


UougG, SUuke, :<li 


luduciiza, otitii media in, 206 






Hammer, Cholewai, 21S 


treatment of, 28B 




of «r, 259 




trcatiucnt of, 261 


auditor; caiul, 2M 


of KiuUchiun tube, 281 


imtv, 2Ua 


Iiupuction in ear diiwaiifl, 78 


Qeftd mirrgr, 74 


Insuruuco in ear dineaaea, 276 


Hcuring, miuitmlica of, lU 


Irritability of auditory nerre, teat 


exercise, 187 


for, III 






8Q 




Birinua Wetfor. 87 




8phw»b«ch'(t«tfor, BO 


Labthinth, anemia of, 251 


teit r..r. ttcoumelor in, 8G 


bony, arinUimv uf, 48 




Hreulatorydlo'tnrbanea in, 261 


wftWh-liflc in, 8ft 






hypan-mia of, 261 


Weber's l«it for. 80 




Hemorrhage of carotid BrtiMy 


mambranoiu, anatomy of, 47 


from nllti. medis, 2« 




into Ubyrinth, 251 


78 


Hfrpm of auditory mesliu, IM 


LeplomenineitiM. purulent, after 


of pinna, 152 


olltU niMlifl, 289 


HytfiMe .>r ear. 146 


Leukemic otitis inlema, 288 


BypereniiK of itidlUiry miwtue, 




IM 


robber lyringe, I2fl 


of brain >n«T otllii medln. 287 




of labyrintil, 361 


289 


of pinn*. 1« 


Lumen of Kiwtarhian tube, allurn- 




tionfl in, 200 


f ton merntui, 1«9 

1 


LupuH vulgarieuf pinmi, 152 



^^P^B^H 


288 INDEX. ^^^^^B 


MicKosLOFli! aiiaUitoj of Uie 


Meuingitis Bcrusu Troui otitis me- ^^H 




^^H 


Malfonnations of ear, 2S8 


tubercular, after odtis luedia, ^^^| 




241 ^^1 


for, 107 




^1 HfiEMige in eur diteoso, 133 


Middle ear, acute catarrh of, 178 ^^1 


^H of drumheud, air-pump for, 


treatment 1T6 ^^H 


■ 136 


and auditory meatus, neo- ^^^^| 


^1 Mks^ur, I>olxlun(;he'e, 132 


plasms of, 264 ^^H 


^H Uaitbiid pniuase, diwusve of, from 




^1 utiliii uulia, 210 


26U ^^M 


^H Mastoiditis, acute, from otiUa ine- 


cuMrrbal adhesions of, 176 ^^H 


^B dia, -IVS 


treatment ITS ^^1 


^^fe symptoms and oourse of, 


chronic catarrh of, 176 ^^^| 


^m 212 


treatment of, 179 ^^^| 




diseases of, 170 ^^H 


^H chronic, and oateosclerusia, from 


inflammation of, 184 (we alM-^^H 


H otitis media, 217 


OtiHa media). ^^^| 


^P from otitis raedis, radical ope- 


inflation of, 94, 96 ^^1 


nidon for, 210 


MiliUry service, ear diaeasa IB.^^H 


treatment of, 218 


274 ^^H 


Measles, otitia media in, 205 


Mirror, bead, 74 ^^H 


Meatus, nuditory, anatomy uf, 4 


Mobility of ear-drum, B2 ^^H 


anomiilies of secretion of, 168 


Myrin^ds, acute, 170 ^^H 


atrwiB of, lfi8 


173 ^^H 


eiosloaes and hyperogtoses of, 


^^^H 


IfiS 


Nasal upeculum, 92 ^^^ 


foreign bodies in, 161 


Nasopharynx in ear diieiM, treat- 


furandfl of, 15a 


ment of, 139 


treatment of, 168 


Necrosis, acute, of temporal bone, 


herpes of, 156 


from otiUi media, SIO 


histology of, 11 


from otitis media, symp- 


in new-born, anatomy of, B 


toms and course of, 212 


neoptastns uf, 2G3 


from otitis media, tr««l- 


Membrane, lynipanic mucous, his- 


mentof,218 j 


tology of, 83 


Needle for lumbar puncture, 288 


Membmnous auditory rannl, for- 




ceps for seidng, 234 


Neoplasms of audilflry meatus, TSU^^M 


^^^ labyrinth, annUimy of, 47 


of middle ear, 265 ^^H 


^^^ H^nidre's disease, 2Q2 


treatment of, 206 ^^^| 



^^^^ ■ 


lUliEX. 289 ^H 


Nrrve, Budilorj-, anuKiiiiy of, :*S 


Utilin iiicdiiL. ucult?, iiMTi.^i^ nf ^^H 


mid auditory cenlore, di^.tunw 


tcMipiinil bone, ^^^| 


(.f, a67 


course and »jN.p. ^H 


crichliMir purliuu oF, &1 


toma of, 212 ^^1 


ciiiiiinctive-tlaaue tumors, 2U7 


treatment of, 213 ^^H 


irrilnbility ot te«( fur, Ul 


of iiifanU, 166 ^^| 


vcBlihulnr portion of, flO 


perforative, 187 ^^H 


facial, diseue* of, nnd ear di». 


treatmi^nC of, ^^| 


etu«, 110 


brain ubscess from, 241 ^^H 


N.-upo«w nf ™r, 270 






curits from, ^^H 




oourea and symphimi of, ^^^| 


Operation, radical, for chronic 


^^H 




trtut(ri.«nt of. 23S ^^H 


Oridue, iihapynjiofll, of Kustnehian 


pcn'brul lubereuloelt from, ^^^| 


tnlio, ukvmtiun at, 209 


^^H 


Oslcophlcliitia pyemia from otitis 


choleslcatonia ft^m, 226 ^^^| 


media, S4B 


roiirae and symptoms of, ^^^| 


(Jfl[«iM.'loro6i» and chronic mastnld- 


228 ^^H 


Uia fh)m otitis media, 


troutmeiit of, 229 ^^^| 


217 




OUtiBeiitemadrcumicHpU, 156 


K'lenuia from, 217 ^^^| 






cnlpoaa, 160 


Aiippuratii'e, IDA ^^^H 




tn.<atment»r. I0» ^^H 


ditTmn, 158 


diaiwM-d of brain and blood~'^^H 


diphlheriUwi, ISO 


visM'li. after, 2116 ^^H 




of inivtoid pnx'fH fVom, 210 ^^H 


januiUcA, 162 


«dciiii) of l>ni!n after, 2H7 ^^^| 


inkTna, biuIu, 2BS 


hciiiorriiogo of carotid artery i^^^J 


Inukeiuic, i^ 


tr»m, 249 ^^H 


paroUtiM, 264 


hypereinis of brain nfler, 287 ^^H 


.yphilltie, 2M 


in netinoniynwis, 207 ^^^| 


miNlla, 164 


in diubetci, 207 ^^H 


RiTUto mantoidltia fWim, 210 


in dipbtheria, 20^ ^^H 




ill general dJBenwt, 2()it ^^^| 


212 


trmtnionl of. 204 ^^H 


Irculmi'nt of, 213 


in inllucnxa, 20(i ^^H 


necroiig of tam|>»ra1 bone 


in nieB8l», 20Ii ^^H 


from, 210 
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^^^^^^^^^H H^^^^^^^^^^^^^^^^^^^m^i 
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^ OlitU mcdin in sjjil.iliB, aOG 


Pinna, dennatitig trlMpelntnu 0^^^^| 


in tuberculoais, 2(M 


149 ^^H 


in typhoid fever, 206 


pblegmonosa ct gBngT«MN.^^H 


tneningids wroMi from, 2S7 


14'J ~^^H 


Mteophlubitie pyeiiiU frcim, 


inuiiiHtii!, of, 148 ^^^H 


249 


di9«iai» of, 148 ^^^H 


pachymeningitis from, 238 


ocEema of, IfiO ^^^H 




fr<«ubite and burn* of, 149 ^^H 


from, 281) 


herpes of, 152 ^^^H 


pyeoiitt fivm, 245 


histology of, ^^H 


ireutmentof, 247 


hyperemia 148 ^^H 


tubercular iiiBiiingiLie Irum, 


lupiu vulgaris of, 152 ^^^| 


241 




Mptic diEca>e« from, 249 


perii'hondritit. of, 164 ^^^| 


■imple Hcut«, IM 


^^^1 


treaUiient of, IM 


Pneuuiatit! ear-funnel, 81 ^^^H 


Kinufl Ihrombosia from, 245 


Pneumonia, otitic m«lia in, 308 ^^^H 


treatmetit of, 247 






bag, M ^^M 


OUimycosU of suditorj- meatus, IH2 


ear-tube, 138 .^^H 


Ototiclerosis, 182 


method of inflating EustacJ^Hi^^^^l 


treatment of, 184 


^^^1 


Otoscope, 37 


Politzerization, Q6 ,^^^H 


double, 07 




Otowopy, 78 


Postnasal fon^pB, 144 ^^^H 




Prrssu re-probe, Lucn'«, 184 ^^^H 


Paphtmbninoitis from otitis 


Probe, copper, 8S ^^^^H 


media, 2S8 


Lucee's pre»<ure-, IM J^^^l 






72 


Pump, air-, for manage of drum^^^^l 


ParacentesiB nepdle, 17li 


136 jj^^H 


PereiiBsion in exnmi nation of enr. 


Puncture, lumbar, needle for, 38^^^^^ 


SS 






otitis medU, 246 ^^H 


Pharyngeal orifice of Eustachiaii 


treatment of. 24T J^^^l 


tub)!, ulceration nt, 21KI 


o«teop!itel)itis from otitit m^dH^^^I 


Pinna, anatomy of, 1 


240 ^^^H 


cyEt.« of, 164 


J^^^H 


^^^^ dermatitifl coi>gelutionis et corn- 


RxmrAL operation for ehmdl^^^H 







291 ^1 


Beflector, 74 


Kyphilii of pinnu, ir>3 ^^M 


Reflex iuBueiU'O of enr diicaHe '>n 


otitis media in. 20t) ^^M 


vision, 118 


Syphilitic otitis Interna, 254 ^^| 


BliinuBcupy, !)1 


Syringe, 78 ^H 


Rinne'K leet for lio ring-power, 87 


Luck's rubber, 126 ^^1 




.Syringing tlie ear, 77 ^^M 


Salpinqitis, Hcule, 3(18 


Temporal boni', ai'utc necrosis ^^M 


chronif , 208 


of. from otitis media, ^^H 




210 ^^M 


Schw.bHclrs i«t for ln«ring- 


coUTie and symptoms of, ^^H 


power, B9 


212 ^H 




treatment of, 21S ^H 




anatomy 6 ^H 


Heptif disunsun from olltia mediu, 


{•etroiu portion of, 12 ^^^| 


240 


squamous portion of, 5 ^^^^| 




tympanic poKion of, 7 ^^^| 


24S 


Test for bearing-power, aooumeter ^^^| 




^^H 


Sniire, IUrtmiinn'8. 2li(I 




8iiund-«>nduption spparatus, anat- 


87 ^^H 


omy iif, 1 


tuning-fork in, 86 ^^H 




watch-tick in, 85 ^^H 


omy of, 48 


whispi^rcd conversation in, 84 ^^H 


patholiigj find treatment of 


for irritability of audiu>ri,- nerve, ^^H 


2B0 


^^H 


Speculum, auntl, 76 


f^inctional, in examination of ^^^| 


nKBHi. 92 


88 ^^H 


Sliu'hdlffintchiwl, 224 


Oclli^'s, for hearing-power, BS ^^^| 


gou;;;)!, 214 


Kinntr's, fur hearing-power, 87 ^^^^| 


StHiKK, iuikylo«i» of, 182 


Sohwabach's, for hearing- ^^H 


tR«tnient of, 184 


power. 80 ^^H 


StPn-isU of auditory metttUB, 187 


Weber's, for hearing-power, 89 ^^H 




Testimony, oiport, and accidenU, ^^^| 


27 


In ear disease. 275 ^^1 


flbmaiiniordninihnud, 27 


Testing equilibrium, !>I ^^H 




Ticking of watth as uwt of hear- ^^H 


Slrieture of auditory meatus. Ifi7 


ing-power, 8li ^^^H 




Tlnnltua aurium, ^^H 


Syjihili* of auditory meatui, 166 
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Tmnsillunjinatinn nfenr, 83 i Tynipunum, Mde and pouclips of, 

iHDipfnr, 73 ' ' as 

Trautmann's ciiret for ndenoid j histology of, 31 

gniwthB of mwiphar- j Typhoid fevar, olitia iii«li» in, 
yiix, \V2 ato 

TninipetB, 187 | 

TuboRiiilar iiiPiiiMgitis nftur olitis ] Ulckbation at phaiyngeal iiri- 
inedia, 241 I flceorEustuchiuii tube, 

TubcrculoHis, uerebrul, uftcr otitiA 20U 

mediii, 241 | 

otitiii mediii ill, 21)0 j Valsalva's metlicxi -if iiiHHiii.n, 

Tumon, coniieclive-tiBBm;, of uu- / 3j 

diiory nerve, 2fl7 
Tuning-Pirk in l««t of hearinj 

power, 80 I ease on, 1 IH 

Tyiupanie cavity, onUrrh of, 173 | 

(soe also Cnturrh o^ I Watch-tick in te«t of hearing- 
Muldte Ear). power, 85 

mucoUH membrane, hietology | Weher's teat for henring-power, 89 
of, 88 |W(ii6perad wnveraation in t»t 

osficlee, niechnni«in of, 32 of heariiifj-power, 84 

muadesof, 31 Whistle, Gallon-Edelmann's, in 

Tynipanuiti, anatomy of, 28 lest of hii«ri(ii;-power, 

diaeaaes of, 173 I 87 
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Ph.D.. LL. D., Professor of the Praciiqe of Medicine and of Clini 
icine. Medico-Chirurgical College. Philadelphia. Handsome oclav _ 
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Obstetric Accidents, Emergencies, and Operalions. By I.. Ch, BoiSLUt- 
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S7S poges. profusely illoslraled. Cloth, fa,oo net ; Sheep or Half Moroccii. 



CLARKSON'S HISTOLOQV. 

A TeilBook of Hislology, Descriptive and Praclical. ByABTHrRCLAaK- 
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OE SCHWEINITZ ON DISEASES OF THE EYE. Third Edi- 
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356 fine illusimiions and a chtorao-tithoEraphic plates. Cloth. fj,joa aei' 
Shi.-cp or Half Motocco, fo.oo net. ^^ 



DORLAND'S DICTIONARIES. 

[See .Imcrh-art Illisfrjlcd Midic. 
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pitHl. Octavo, 34a pages. Cloth. Ja.Jo n«i- 
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Fi^lluw of ilic New York Academy of Medicine.'ctc. Wiih an Introduclory 
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QARRIOUES' DISEASES OP WOMEN. Third Ed., Revised. 
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QOULD AND PVLB'S CURIOSITIES OP MEDICINE. 
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KEEN'S OPERATION BLANK. Second Edition, Revised Fonn. 

An Oprnilion Blank, wiih I.isT? of Inslnimcnts. i-le. Required in Various 
Operations. Prepared by W. W. Keen, M. D.. LL.D., F. R. C.S. (Hon.), 
ProfessDr of ihr PrineiiiJei of Surgery Bnd of Clinical Surgrry. Jeffer5on 
Medical College, Philadelphia. Price per pa.l, of 50 blanks, 50 els. n. ■ 

KYLE ON THE NOSE AND THROAT. Second Edition. 

Diseases of Ihe Nose and Throat. By D. BRAOliN KVI.E, M. D.. CI 

.f Laryngology and Khinology, Jefferson Medical Collcgd. Pliila- 1 
" ' ' " --•'-- ,d 6 lithographic plalei, I 

LAIN^'S TEMPERATURE CHART. 

Temperaluie Chart. Prepared by D. T. LAINfe, M. D. 
inches. A convinknlly arranged Chart lor recording Temperature,*, 
columns for daily amounW of Urinary and Keeal Excretions, Food, R 
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The Elemenls of Clinical Bacicriology. By Uh Eknst Lfcvv, Pr> 
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LOCKWOOD'5 PRACTICE OF MEDICINE. Second Edition,! 
Revised and Enlarged. 
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LONQ'S SYLLABUS OP OYNECOLOOV. 

A Syllabus of Gynecology, arranged in Conformity with "An America 
Teii-Book of Gynecology." By 1. W. Long, M. D.. Professor of I 
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SaigicHl Dingnosis and Ttcalm.-nl. Uy [, W. MACtxiNALn, M D. EdinnJ 

K R.C.S. Edin.. Pr-' ' -' "■ . . ^., . .• im 

le University. 



s LucKWooo^l 



J College of Virginia, e 



f5« 



f Moi 



iurgery.l 

. Cloih,! 



MALLORV AND WRIGHT'S PAXnOLOGICAL TECHNIQUE. , 
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L f^sthological Technique, A ProclicBl Manual for I.Aboratory Work lO'l 

K Pathology, Bacterfalogy, and Morbid Anatomy, with chapters on Posh W 
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I Octavo, 41a pagfs. fully illustrated. Cloth, f 
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MEDICAL FUBLICATIOSS 
McCLELLAN'S ANATOMV IN ITS RELATION TO ART. 

Analomv id M^ Relnlion lo An. An Ltiiosilion of Ihe Buncs and M 
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and EKiern.il Form, liy GrijKcE McClki.Lan, M, U,, Prolcuoi of Am 
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inches. IJlustmted with 338 original drawings and phologrjpbs, 360 pj 
of text. Dark Blue Vellum, (lo.oo net ; Half Russia, Jii.oo i ' 

McCLBLLAN'S REQIONAL ANATOMY. 

egional An.iloiny Lu its Relations to Medicine and Surgtry. By GEOKJ 
IcCleli.an. M.D., Professor of Anjlumy .11 the Tennsylvani ' " - 
■ Fine Arts. In two handsome qurirli.i vtilumes, B84 piiges 



McFARLAND'S PATHOaHNlC BACTERIA. Third Edttloi 
Incruued In size by over loo Pases. 

Toxt-Bool( upon Ihe Palhogcnie Bacteria. By JoSKrH MoFabu 



MEiaS ON FEEDING IN INFANCY. 

Feeding in Early Infancy. By AkIHUk V. Mkic5. M. D. Bound in UnM 
clolh,(li.shedEes, ajcls. net. ^ 

MOORE'S ORIHOPHDIC SUROERV. 

A Mi,ii. -■ i^.-ry, l)v lAMFS E, MOOHE, M. D.. ; . 

of Oil!,. ; 1 I'rofessot of ClinicHl SureHry. UulTetStqTl 

MiiiH' -■ ■. ■'<■ -k me ind Surgery. Ottavo volume of 356 p — 



MORTEN'S NURSES' DICTIONARY. 

Nurses' Diciionarv of Medical Terms and Nursing Treaimen 
Definitions of the Principal Medical and Nnising Terms and 
of the Inslniments. Drugs, Diseases, Accidents. Treatmen 

HuNNOtt MOHTEM, author of " 1 low to Become a Nurse,"' e 
pages. Cloth. £1.00 net. 

NANCREDE'S ANATOMV AND DISSECTION. Fourtb E 

Essenlials of Anaiomy and Manual of Praciicol Dissection. By CHAI. 
B. Nancrede. M. D..LL.D.. Professor of Surgery and of ainical S«qjl 
University of Michigan. Ann Arbor. Hosl-oclavo. 500 pages. «ilh filllJp 
lithographic plales in colors and nearly aoo illustrations. Eiira ClolD 
Oiiclolh for dissect ion -room), f;a. 00 net. 






NANCREDE'S PRINCIPLES OP SURGERY. 



Leeltires on (lie Principles of Surgery. By CrarLES B. NaNCREDK. M. j 
LL.D,. Professor of Surgety and of Clinical Surgery, L'nivetsily of Mirf' 
* ' ' -^ ■ - ^^ pages, itlustialed. Cloth, f 3.50 net. 




Third Editloii, 



NORRLS'S 5YLLABU5 OP OBSTETRICS. 
Revised. 

Sylhilnis of Otaleirital Lfclures in Ihe Medical Dppatlincni, University of 
Pennsvlvsiiii, [*v RirHAHD C. Ni.dklS. A. M., M. D,, InMnieior in Obslel- 
ncs ,mcl Leclurer on Clinical and Operalivc OlHielrics. Univeisily of Penn- 
syivania. Crown oclava, xa2 pages. Clolh, interleaved, f-"" net. 

OODBN ON THE URINB. 

Clinical Enaminalion of the Urine end Urinary Diagnosis. A Clinical Uuiilc 
for the Use of Praclilionets Bnd Students of Meditine and Surgery. By J. 
Berubn OODIN. M. D., lately Inslnictor in Chemistry. Harvard Univer- 
sity Medical School. Handsome oclnvo, 416 pages, Viitb 54 iiluatraliona 
and a number of colored plates. Cloth, ^3.00 net. 

PENROSE'S DISEASES OF WOMEN. Fourth Edition, Revised. 

A Texl-Book of Diseases of Women. By ClI^RLBS B. PF.SKtiSK. M. D.. 



1 Direc dons concerning 
By Walter. " — 



PYE'S BANOAQINa. 

Elemenlarv liandaging and Surgical Dressing, W 
Ihe Immcd.aie Treatment of Coses of Emergen 
F.R.C.S., lale Surgeon to Si. Mary's Hospital, 
over Bo illuslralions. Cloih, fteiiblc covcR, 75 c(s 

PVLE'S PERSONAL nVQIENE. 

A Mnnunl of Periuiial Hvgiene. Proper Living i 
Miled hy W*1.1ER L. PVLE. M. D., Assislanl Surgeon 10 (he Wills E« 
Hinpilal. Philadeiphin. Oclavo volumi.- of 344 pages, fully illuslrated. 
Clolh, $1.50 net. 

RAYMOND'S PHYSIOLOGY. Second Edition, Enttrely Re- 
written and Greatly Enlarged. 

A leil-ltouk c.r l'ti,si,,lngv liv JusKi'ii II. Raymond, A M, M. D., 
I'rofessoi if l'liysu>loi:v .inii l[yi:ii'nr 1 

608 pngcs, 443 illusimiions. Clolh, Jjso net. 

SALINGER AND KALTEYER'S MODERN MEDICINE. 

Modern Medicine. By Jl;l.|tiS L. SALINfiKK, M. D., IJ. 
"-"—--■•--"--"'-■•-- antlF.J,KAI 



Py^^J 



Clinical Medicine. Jeffcnoii Medical College ; 




ociavo. Sot pages, illuslrated. Clolh, fc.oo nei. 
SAUNDBV'S RENAt. AND I'RIINARV ni5FASE5. 

Lcclures on Rin .1 !'■ >nfHT SaitiDFIV, 1 
Eidin.. Fellow of ii" ' 1 .,iick.n, and of the Royal 
Medico-Chinitni. i ■ 1 ■■ .,,. it. Mason College, Bir- 
mingham, elC. 11. f .. I i ;■■ -...K LlliLiimiions and 4 colored 
plates. Clolh, Ja,5<inei. "~ 

SAUNDERS' MEDICAL HAN[)-ATLASES. Sec pages 
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SAUNDERS' POCKET MEDtCAL FORMULARY, 
tlon. Revised. 

By William M. ^^^WE1.I., M. D., author of *■ Fssenlials of Diseases t 

Children": Membcf of Philadelphia Paihologicnl Soiiely, Conlaining iBii^ 
formula from the besl-known auihorilies. With nn Appendi: ' *' 

Posological Table, FormulK and DoaeJ for Hypodermic 
Poisons and their Aniidotei, Diomelrrs of the Female Pelvii 
Head, Obstetrical 'I'nble. Dirt Lists. Mnlrriali and Drugs used ii 
Surgery, Treatment of Asphyxia from Druwnir^g, Surgical Rem 
Tables of Incompatible 5, Eruptive Fevers, etc., clc. tlexibl. 
with side indei, wallet, and flap, fs.oo nel. 

SAUNDERS' QUESTION-COMPENDS, 

SCUDDER'S FRACTURES. 



t'linical and Operative Surgi 
tavo, 433 pages, with nearly odd 
(4,50 Del; H.Uf Morocco, fs.50 



Second Edition, Revised. 

Bv Chas L, Scudder, M.D., Assistant la 
, Harvard University Medical School, Oc- 



SENN'S GENITO-URINARY TUBERCULOSIS. 

Tuberculosis of the Geoita-UhnBtj Organs, Male and 
OLAS SENN. M. n.. Ph. D„ LL.D,, Professor 1 
College, ChicigQ, Handsome octavo volume • 
Clo(h, J3,oo net, 

SENN'S PRACTICAL SURGERY. 

Practical Surgery. Ily Nicholas Skns, M. D., Ph.D,, LI,.D., Proleuor 
of Surgery, Rush Medical College. Chicago. Handsome ocuvo volume 
of 1133 pages, 54a llluslntions. Cloth, (6.oot 
(7,00 net. Bf Saisiriffhs. 

SENN'S SYLLABUS OF SURGERY. 



Ph.D., LL.D.. I'rt 



SENN'S TUMORS. 



Pnlhology and Sursical T 

PH. D., LL.D., Professor of Surgei 
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me 1, ful 
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SOLLMANN'S PHARMACOLOGY. 

A Teil-Book nf Pharmacology. By Tobal 
Professor of Pluitnacology and Materia Mt 
sity, Qeveland, Ohto. Royo! octavo volume 

Cioih. $3.7S nit- 




Second Edition, Revised. 
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Rush Medical Coltcf 
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STARR'S DIETS FOR INFANTS AND CHILDRENl 

DiPK for Tnfsn» ani' Children in Health and in Dbease. By Louis STARR. 
M.D,. Editor of "An America.! Texl-Bot' '- " 
330 blanks (pocket-booli site), peribrntcc 
morocca, ^1.35 net. 

STENGEL'S PATHOLOQY. Third Edition, Tiioroughty Revised. 

A Te«i-Book of Palholoey- Bv ALFRED StenceI., M. D., Profeswr of 
Clinicnl Medicine, Univeislly of Pennsylvania; Visiting Physician lo Ihe 
Pennsylvania) Hospital. Octavo, 873 pages, Dearly 400 illustrations many 
of Lhem in colors. Cloth, fe.oo nei -, Sheep or Half Morocco. $6.oo ni^t. 

STENQEL AND WHITE ON THE BLOOD. 



GEL. M.D„ Profesior of airical \ 

C, Y.White, Jr.. M.D.. Insiru 

Pennsylvania. /■ Prat. 






STEVENS' MATERIA MEDiCA AND THERAPEUTICS. Thlrd_ 
Edition, Entirely Rewritten and Oreatly Enlarged. 

A Text-Book of Modem Tlicrapeutics. By A. A. STEVENS, A. M., M.D 
Lecturer oa Pliysical Diagnosis in the University of Pennsylvm 

STEVENS' PRACTICE OF MEDICINE. Fiftli Edition, Revls 

A Manual of the Practice of Medicine. By A, A. STKVENiJ, A. M., M.Dj 
I.ei:luier on Hiysical Diagnosis in [he Univenity of Pennsylvania. Spf 
cially intended for smdenls prep.iring for graduation and hospital ei 
lions. PtMt-oclavo, 519 page; ; illustrLited. Flexible Le.^lher. ga.oo 

STEWART'S PHVSIOLOaV. Fourth Edition, Revised. 

A Manual of Physiology, with Praclicai Exercises. For Students ant 
litioners. By G. N. Stkwart, M, A., M. U., D.Sc. Professor of Phyilol 
ogy and Histology. Wcslcm Reserve University, Cleveland. Ohio. Octairj 
Bc,4 p.igesi 336 illostrations and 5 colored plates. Cloth, $3.75 111 

STONEY'S MATERIA MEDICA FOR NURSES. 

Materia Mediea for Nurses. By I'.MILV .\. M. ST11NEV, late Superinlen 
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STONEY'S NURSINQ. Second Edition, Revised. 

Praclieai Points in NuBing. For Nur«3 in Private Practice. By E«lL 
A. M. Stoney. late Super! nteniletil of Ihe Training-School for Nunc 
Carney Hospital, South Uoston, Mais. 456 pages, with 73 cngnivingi an 
S colored and halftone plaiea. Cloib, ti,7S net. 

STONEY'S SURGICAL TECHNIC FOR NURSES. 

Bacteriology and SurgtealTechnlc for Nurses. By EUILV A M. ."^ToNintlJ 
laic Suppiintcndcnt of the Training -School for Nurses, Carney Hospit«r^ 
South Boston, Mus. tamo volume, fully illuilr«ted. Cloth, |i,as net. 
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lOMAS'S DIET LISTS. Second BdKlon, Revised. 

I LUu and Sick-Room Diei^tv By IkroMe B. TuoMaS, M. D.. \ 
iclor m Maligna Mcdita, I^ni; Island Flmpilal - Assistant Bacleriologitt 1 
he HoagLind Ijiborsiory. Clolh, Ji.as net, Setiil f.ir sample sheet, ' 

I THORNTON'S DOSE-BOOK AND PRESCRIPTION- WRtTINa. 
Second Edition, Revised and Enlarged. 

Dose-Book and Manual of Prescripli on -Writing. By E. Q. TMOBNTOM. 1 

M. D.. I>emonairaioro{ 1'hempeutics, Jelferson MedicaJ College, Pbiladel- ' 
phia. Post-octnvo. 3^3 pages, illiuiraled. Flexible Lenihcr, fa,oo nel. 



J'S SEXUAL IMPOTENCE. 

The l-alholoKy and Treatmrnrnf Sei.i, 
M. D. From Ihe lecond Oerman ed 
octavo. 339 pagL-s. Cloih, (j.jo net. 



Third Edition, Revised. 

I Impolence. By VlcroR G. VKCKt, 
don. revised anil enlarged. Demi- 



fiica! Diagnosis. Bv Db. Oswald Viehordt. Professor of Medicine. 
ivenily of Heidelberg. Tranilaled. with additions, fioin the Afth en- 
;ed CermaTi edition, vrilh ihe author's permisilon, by KHANCls fl. 
MkT. A. M . M D. Handsome oci.ivo eolume. 603 pages; 194 wood- 
s, many of Ihem in ™ior». Cloth, 4.00 net; Sheep or Hall-Morocco, 



IVIGRORDT'S MEDICAL DIAONOSIS. Fourth Edition, Re- 
'i 
^ATSON'S HANDBOOK FOR NURSES. 
■ A Handlwok for Nurses. By J. K. Watson 
Edition, under supervision of A. A. STEVENS, A, M.. M. D.. Lecturer on 
Physical Diagnosis, Univeisily of Pennsylvania. lamo, 413 pages. 73 ill 
trations. Cloth, |i.;o net, 
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WARWICK AND TUNSTALL'S FIRST AID TO THE INJURED 
AND SICK. 

First Aid m Ihe Injured and Sick. By K.J. WARWICK, B,A. M B. 
Canwh., M. R. C, S„ Surgeon -Captain, Volunterr MedicHi Staff Corps 
I^ndon Companies; and A, C, TCNSTALT,, M. D,, K. R, C. S. Ed.. Sur- 
geon-Caplain commanding Easl London Vol nn leer Brigade Ben ret Com- 
pany. i6mo. 232 piiges, ami nearly 300 iliuslralions. Cl.ilh. (1.00 n.i. 

WOLF'S EXAMINATION OF URINE. 

A Hand-Bnok of Physiologic I 
CHARt.ES G, L. WciLP, M.D., I 

nell University Medical College, 
dons, Clolh, fi.as net. 
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Saunders' Medical Hand-Atla 

VOLUMES NOW READY. 
ATLAS AND EPITOMB OP INTERNAL MEDICINB AND 
CLINICAL DIAGNOSIS. 



ATLAS OP LEGAL MEDICINE. 

By Dk K. R. von Hoffman, of Vienna. Edited by Frbdrkick Pbteh- 
SON. M, D.Chirfof Clinic, Nervous Depaitmcnt, College of Phyiiciaac 
Surgeons, New Vorlt. Wiih lao colored figures on 56 plalei and 103 h 
liful half-lono iUmlralions. Cloth, Jj.5o net. 

ATLAS AND EPITOME OF DISEASES OF THE LARYNX. 

Bv Ds, U GRONWALn, of Munich. Edilfd by CHARLES f, GhaVsoN, 
M. D., Phvsician-in -Charge, TTiroal and Nose D'cpanmenl, Hospiliil of ih« 
Universilf of f^nnivlvanU. With 107 colored figures on 44 plates, a, 
illuslralions, and loj pages of ten. Clolh, fa. 50 net. 



ATLAS AND EPITOME OF OPERATIVE SUROERV. 

Edition. Thoroughly Revised and Greatly Entarsed. 

By Dr, O, ZircKEBKANDL. of Vienna. EdiK-il.«illi ail.lilions.by J.CKAV 
MEBS DaCosta, M. D,, I'rofeisorof Principles o I Surij-eiy and of Oiluetl 
Surgi-ry, JefTetson Medic-il College, Philadelplii.v With 40 colonnl pUusi 
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ATLAS AND EPITOME OF SYPHILIS AND THE VENEREAL 
DISEASES. 

l)v PROh, UK. Fran/ Mr.vckk, of Vienna. Ediled, with iddilions, by U 
Bolton Uangs. M. D., Profesirfjr of Gemto-UniiBry Surgery, Univcruiy 
nnd IJellevueHospiWl Medical College. New York. With 71 colored pUe 
16 tcIt-illusIratioDs, and 12a pages of teit. Clolh, fe-.W oel, 

ATLAS AND EPITOME OF EXTERNAL DIS. OF THE EYE. 

By Dr. O. Haab, of Zurich. Edited by G. E. DE Schweinitz. M. D.. 
Profet^orof Dphthnlmotogy, JefTersonMcdicnlCollege. Philadelphia. Wldt 
76 colored illustrations on 40 plates and aaS pages of text. Cloth. ^.00 

ATLAS AND EPITOME OF SKIN DISEASES. 

By Prof. Dr. Frunk Mracek. of Vitnnn. Ediled by Henry W. Stkl- 
WAGON. M- D., Clinical Professor of DerniatoloKv, Jefferson Medical Col- 
lege. Philadelphia, With 63 colored plates, 39 half-i 
900 pages of text. Cloth. S3.50 net. 

ATLAS AND EPITOME OF SPECIAL PATHOLOGICAL m&- 
TOLOOY. 

By Dr. H. DOrCK, of Munich. Ediled bv l.UIiVlC Hektoen, M. D., 
Professor of I'slhulogy, Rush Medical College. Chicago. In Two Ptels, 
Part 1., including Cirtulnlory, Respiratory, and Gaslro-mleslinal Trmt 
130 colored figures on 6a pl.ites, 153 pages of levL PnrI !!., inchilUti 
Liver. Urinary Organs, Sriiial Organs, Nervous System, Skin, MusdH 
and Bones. 113 colored ligurcs on 60 plnlcs. tga pages of text, f^ 
v^nroe: Cloth. fe.oD not. 
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Saunders' Medical Hand-Atlases. 

VOLUMES JUST ISSUED 

AtUS AND EPtTOME OP DISEASES CAUSED BV ACCIDENTS. 

By Db. Eo. GoLKmiiwsKi, of Bcrlm. Ediitd. wiih addLiiuiu, by I'eakcb Bah 
M. D., Allendlng Phyiicmn lo ihc DtporttlKnl of Curreclioni and 10 the AlnuhoiiH 
uid Incunblc H«fduli. New Vork. Wiih «ci calacnl pliiu, 143 lEii-Uluniulnu, ud 
600 p.igM of le<l. aoih,»,ooilM, 

ATLAS AND EPITOME OP OVNECOLOOV. 

Hy Dr. O. ScHAHFrrii, of Heidelberg. Frvm llu Srctml Rtviiril Grm»i EJUlm. 
Edited, idih rnddltioni. by Kichahd C. Nohkis, A M^ M. D.. Gynecologin (e tkt 
MnlwdiH E[HKap>l and the Pbllulelphik Holpitali: Sur(eiin-ln-ObaiBe of Pinion 
Reiie*!, PhilidelpfaiB.. Wilb ^ colored plitu. 6s utl-lUiumtlaiii, tod 308 pagrtof 
leil. Cloth, fjio DEI. 

ATLAS AND EPtTOME OP THE NERVOUS SYSTEM AND ITS DISEASES. 
ByfuoFEisoiiDii.CHii.lticuB.arErbingeD. Frum l»i Stcimd Rniud ami Enlaritd 
Gtrman Kdiliim. EdliHl. wiih«dditioi». by Edwaud D, Fhhm.M. D., PiofHwrof 
UlKUei of the Nerroui Syxem. Unlvenlly ind Belleyue Hoipiul Medical College, 
N. Y. Whh 83 plitet ; CDpiffiu t«i. tj.jonct. 

ATLAS AND EPITOME OP LABOR AND OPERATIVE OBSTETRICS. 
Bv Dk.O. ScHAiPru, of Heldelberi. Fram th€ Fi/lk Rm 
£dili..H. Edited, *' "■-"■' ' ■ " "■ " 
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ATLAS AND BPITOMB OP OBSTETRICAL DIAONOSIS AND TREATMENT. 
By Dr. O. SCHAivrn. of Heidelberi. Pram Iki SkpiJ Rnwd ikI EmlargHl Gtr- 
man BMiin. Edhed.ollh uddhlont.by 1. Ci.irT<>N enuAn, M. D., IWhkt of 
Ubilelrici ■nd IJIlniiTil MIdwirery, Cornell Univcnity Medics) SscfaocL }t colored 
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ATLAS AND EPITOME OF BACTERIOLOOV. 

IncludlDn ■ Hand-Hook of SjkcIiI Bictaioloj^ Dlimoili. By Piio*. Dl. K. 8. J 
LtKHAHNjixd Uh. R. O. Nbiimahk, ofWGcihiiri /-r^m Itf SKfMd Riviiid CirmmtM 
eMIit*. Edited, with jidditluKS. by (incur.! H. WiAvu, M. U., AhuUhi PtotnM^ 

of P«lhnloeyiindB«:leriolo»y, Rki.h Medlcul Collen. In Tw. '"— '"— ' " 
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ATLA5 AND BPITOMB OP OTOLOaV. 
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ATLAS AND EPITOME OP M3BASBS OP MOinn, THROAT. AND NOSE. 
By Dn. L.Giilii™Atii.of Miinkh. Frrm llii SrCKud Rrvlmi kkJ Enlarrnl (!>'» 
di&nt. With 4. 'ol-— '- -■ ' — - 
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NOTHNAGEL'S ENCYCLOPEDIA. 

AMERICAN EDITION. 

VOLUMES JUST ISSUED AND IN PRESS. 

TYPHOID AND TYPHUS FEVERS. Bj- D«, H. Cvhschhaki., of Ij;ip.ie. 

Editor, TlUltm Otltt, M.D., F.R.C.P.. Prnfawr of Ihc Frircipls nod Pmelke 
of Midklne <n jDhDl Hopllini Unlvenity, Billlmare. HindlxBic Dcuvu. 646 pud, 

av.luible »>I illuitntiont, and two KldognpUc pl*t«. Claih, tytx HO; Hkir 
onH:i:D,(6.cod«. J,.IRc^j. 

VARIOLA (induditiit VACCINATION). By Dk. H. Immfrmahn. of Bm.le. 
VARICELLA. By I>k. T... v,.r- TUnciBN».K. of ■llibiiiufn. CHOLERA 
ASIATICA tn,l CHOLERA NOSTRAS. Hy IIk. C. LiEOBKHaisrw. of 
lubiimcM,. ERYSIPELAS ■""! ERYSIPELOID, fy Dk. H. L.kh*«t,, of 
Hamburg. PERTUSSIS aod HAV-FEVER. By Uk. U. Sue nn., uf liluxn, 
Ediior, Sit I. T, MoBK, B.A.. M.D., F.R.C.P.I., Prufcuor uf iht PtKikf of 
Medicine. Kayd LoUlte of Suneoni, IrcUnd. HandsunM dci»o of 6S1 puga. iUlu- 
IniKd. Clolh, »SJ<1 ntl ; H.U Mdimuo. I6.00 B«. yiH( R.adf. 

Mtulu, Sculcl Pcvtr, R5«lula. By Da. Th vox 
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